
NOTICE. 

Speaking of Furnaces, there is probably more difference 
in cellar furna t*s (even within corresponding grades) than in 
any other household essential. That is to say, a cellar furnat e 
which is a eaily good one, constructed on scientific principles, 
and costing $4u0 or $50o, maybe so complicated that it takes 
an educated engineer to run it; and it may have so many 
scientific parts that one or the other of them is aimost always 
worn out or out of order and the furnace ‘‘won't work ” 
There is another class that might be called the ‘practical” or 
“common-sense” cellar furnace, simple in construction, dur- 
able, entirely easy to operate and dead sure to give satisfaction. 
Of course there are a great many of this latter class made in 
this country and Canada, and we do not want to make any 
invidiou » comparisons about the different makes of furnaces, 
but we feel compelled to mention right here that the “Radi- 
ant” and the 4 Model” and ihe “Pa' ace” are pr* bably the best 
examples of these “practical,” “common-sense” cellar fur- 
naces. Take the 4 Palace” for instance:— A “Palace” furnace 
will heat a s all house with entire satisfaction, (sa isfaction 
to the u«er as well as to the maker and seller) and can be put 
up for $3i or $40 and leave a profit to the dealer. Well, no 
householder is going to kick at that price, — hardly 1 

Then the “Radiant” is a higher grade and more expensive 
furnace (cast iron crab construction with heavy sheet-steel 
drums) and a great big eized “Radiant” to thorough. y heat a 
large house can be put up for about $100 or $150 and leave a 
mighty handsome profit for the dealer. 

Then again the “Model” comes in between the “Palace” 
and the “Radiant,” and is juet as good as either in proportion 
to its capacity and price. This is not the place, however, to 
go into details, but you can get full information from the Mt. 
Penn Stove Works, who make theee three furnaces at their 
foundry at Reading, Pennsylvania, and they of course will be 
glad to give you all particulars about the “Radiant” and the 
“Model”’ and tbe “Palace.” 

We only started out to try to show that a satisfactory 
cellar furnace may be bought for little money, and a trial will 
prove our position. 
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PREFACE. 


The subject of heating by warm air is not a new one by any means, 
and there is not the least doubt in my mind that the books treating on 
this subject, wholly or in part, form a very respectable library. 

These various works, as far as I have looked into them, appeal to 
the heating engineer, the architect, or the student of the theory of heat, 
and not to the practical furnace worker. 

The present volume may not commend itself to those looking for 
any new theories of the combination of gases or the deflection of heat, as 
it deals with the practical problems arising from furnace work, and with 
them alone, I have striven, to the best of my ability, to produce a work 
of practical value on this subject, and to answer any and all questions 
that might arise in the every day work of furnace men. 

I modestly hope that this work may cover its chosen field in a credit, 
able manner, and fill a niche in heating literature that has been more or 
less neglected in the past. 

The Compiler. 


Chicago, III., Oct., 1894. 
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INTRODUCTION. 

The use of warm or hot air furnaces, both cast iron, wrought iron and 
steel plate, for heating and ventilating houses and buildings of every de- 
scription, except in some cases buildings of the largest dimensions, is ever 
increasing and gaining in popularity. Their use for all sizes of dwellings 
is m particular, other considerations being equal, the preferable one, in 
the opinion of the writer. Their comparative cheapness as to first cost, 
and ready adaptability to most all conditions and requirements met with in 
almost any case, compared with other systems of heating, as steam or hot 
water; this being a most potent factor in some cases, I may say, is the 
main inducement to buy to many purchasers and users of a heating appar- 
atus. They perhaps otherwise would never have put in a heating apparatus 
at all, but would have contented themselves with the, at the present day, 
antiquated and wasteful use of stoves as compared with a system of heat- 
ing by hot-air furnaces. 

Then again, furnaces of all kinds are the most readily sold and handled 
by the majority of general hardware and tinware dealers throughout the 
country. Their facilities for doing this kind of work not being adapted 
for the proper putting in and erecting of steam and hot water systems, but 
for the setting of furnaces, the most dealers have every appliance needed, 
such as tools in their tinshop, and also their mechanics, as tinners and 
sheet-iron workers. I also may add that even the largest furnace houses, 
who also handle hot water and steam heaters, in as large a city as Chicago, 
have found it too costly to maintain a separate shop or plant for setting 
up and putting in hot water and steam systems, but merely content them- 
selves with selling the apparatus and then letting the work of putting in 
the plant to outsiders, such as plumbers, steam and hot water fitters. 

The foregoing is sufficient to show some few reasons why the hot air 
furnace business and trade is so overwhelmingly larger than that of any 
other system employed for th e end sought, at the present time, and always 
will be. I will not at the present time discuss the good or poor points of 
any of the other systems, but will endeavor to give a full exposition of the 
best practice that has come to the notice of the writer as employed by the 
leading shops of the country for getting out furnace work and the proper 
setting of same. There has not as yet ever come to my notice a clear and 
logical written or printed statement of connected ideas on this subject 
which would prove of much practical value to the ordinary, eveiy-day practi’ 
cal furnace man, that would stand the searching crucible test of proof. 
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g THE READING OF PLANS. 

Realizing this want I will endeavor to give, in a systematic manner, 
the entire modus operandi which is necessary for the manufacture, location 
and proper putting up of different kinds of both cast iron and steel or 
wrought plate furnaces. In this series of articles I will give all patterns 
required for this work, also complete and comprehensive data and tables as 
necessary for the proper and correct calculations which come up in actual 
work and practice almost every day. 

All calculations will be in plain figures so as to be readily understood 
by the most ordinary mind. It will be seen as we go along that I will make 
free and frequent use of practical and experimental data from the works of 
the most eminent engineers on this subject, such as Box, Dalton, Hood, 
Galton, Schuemannand others; although it is sometimes claimed that their 
conclusions as compared with each other often vary, and seemingly on the 
surface they do so. But then this is often due to the peculiar conditions 
and circumstances under which their tests and experiments were made. 
Whenever necessary these discrepancies will be explained. Whenever it is 
expedient sketches and drawings will be used to show a point clearly. As 
to my opinion in many cases no amount of written description could so 
graphically and clearly show and explain an object as a simple sketch. 
These, supplemented by full explanations and full descriptions of the various 
kinds of tools and machines u-ed in this kind of work, will be given from 
the most simple appliance to the most complex machines now in use. A 
full and detailed description of the various operations required and made 
use of in the building and construction of sheet-iron and steel-plate fur- 
naces will be dealt with in due course. 


II. 

THE HEADIHG OF PllFLfiS. 

The ability to read the plans or diagrams generally furnished by ar- 
chitects is very necessary and one of the most important factors to facilitate 
the correct measuring and figuring of furnace work. As this part of the 
work is the first consideration to be dealt with, I give in this paper the 
floor plan Fig. 1, the cellar plan Fig. 2, and these supplemented by the 
front elevation, Fig. 8, of a small cottage. It is understood as a matter of 
course, that the furnishing of plans by architects is usually the rule for 
new houses. In houses that have already been built, or old work as com- 
monly termed, this is not often the case; the measuring of work and what- 
ever diagrams or drawings are wanted have to be supplied by the furnace 
man himself. 
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READING OF PLANS. 


The drawings from which work is figured and measured generally are 
drawn to scale. A foot reduced to inch, ^ inch, £ inch or £ inch to 
the foot are the most in use; for detail work f inch, 1 inch, 1J inch and 
3 inches to the foot are the most convenient and generally used by archi- 
tects. Ofttimes on plans the full dimensions in figures are given, but this 
is not invariably the rule. The plans here given are introduced | size, from 
^ inch to the foot ; full size dimensions are given in figures. A good exer- 
cise would be to draw the plans here given to a larger scale, say £ inch or 
£inch to the foot; practice on this until thoroughly familiar with the differ- 
ent scales, so that when occasion demands it, any drawing can be easily 
read and understood, and also drawings or sketches can be made as the 
different phases in the practical work may require. 

The different methods to ascertain the cubic contents of space in a 
house to be heated, as employed by different parties, may be classed under 
the heads of good, bad, and indifferent. Some furnace men use the very 
unscientific mode of merely counting the rooms in a house, guessing at 
their size, paying no particular attention to the various very important 
factors that enter into the proper consideration of the various exposed 
surfaces, such as the location of the glass surfaces, their exposure to winds, 
etc; then putting in a furnace about half large enough to do the work de- 
manded, with the result of a very unsatisfactory job in the end. This mode 

I would consider as bad. A better way, but still rather indifferent as to 
correct conclusions and accurate measurements, is the mode of lumping of 
figures, or of guessing at averages. 

Take the plan, for instance, measured from north to south, say is 38 
feet long, then average the width from east to west, 20 feet. These figures 
give 760 square f.eet, floor surface; multiplied by the height of all the rooms 

II feet 4 inches gives 8,613 cubic feet as the contents of the house; this will 
readily be seen is entirely too great an estimate. The most satisfactory, 
and at the same time the correct way, is to go about this matter in a sys- 
tematic manner. Get the floor area of each room; this multiplied by the 
height of each room gives the cubic contents of house. By the figures 
given in the drawings the following floor area of each room, and also its 
cubic contents are given. 

The glass surfaces of each and all the combined totals are given : 

Heieht of all the rooms in the clear 1 1 feet 4 inches. 



Size of Room. 

Floor Area, Sq Ft. 

Contents, On. Ft. 

Glass Surface, 
Square Feet. 

Parlor 

11' 10" by lo' 

151' 124" 

172223 cu. ft 

30 i-q f. 2 windows 

Bitting room 

Bay window 

12' 5" “ 13' 4" 

5' 1V“ 2' 

165' 100" 

24' 

2153*3 “ u 

60 M 4 

Bed room 

7' 6" “ 22" 

10' 2" M 10' 

11' 9" " 13' 3" 

101' 90" 

1154 “ M 

27 “ 2 

Kitchen ... 

155' 99" 

1768 M “ 

30 " 2 M 

Totals 


598' T31" 

1 6798 cn. ft. 

Il47eq.f. 8windo*e 
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The area of square feet, to use a whole number, I will take as 599 
spuare feet. The deduction from this makes 6,798 cubic feet, or nearly 
6,800. Eight windows give 147 square feet window surface. 

To facilitate the ready calculation of the different areas, I will give 
further on some tables that especially apply to this work in particular. It 
will be observed that the cellar plan locates the same under the kitchen, 
bedroom and part of the sitting room. The letter A designates the summer 
kitchen and laundry. B is the furnace room and coal bins. C is the cold 
or storage room for vegetables, preserves, and such articles as would be 
affected by heat. The cellar is nine feet in the clear. 

With each set of plans issued by an architect, a written or printed 
set of specifications is given. These generally give full and comprehen- 
sive descriptions of all points not shown in drawings. It is always good 
policy to note carefully every point described and implied therein so that 
when the work is to be done everything demanded is fully understood and 
provided for in the calculations. In measuring up work, see that an open- 
ing large enough to admit the furnace to be brought into the cellar is pro- 
vided for, otherwise, one may sometimes encounter great inconveniences, 
which could perhaps have been avoided by a little foresight. 


III. 

**UUES AHC> TABLiHS. 

To facilitate and aid the ready calculation of plans, sketches and 
drawings that the furnace man has to deal with, I will here give some 
useful points and tables. The first fact to be ascertained when a set of 
plans are submitted to be figured on, is the location of the building. 
Note carefully its exposed sutfaces, and, of course, the general character 
of its construction, whether of stone, brick or wood ; its exposure to pre- 
vailing winds and the location of its different rooms in this regard. It 
makes a good deal of difference in the size of an apparatus that will be re- 
quired to heat a given house, that is, say for instance, a house in a city 
block of houses, or a house of the same cubic capacity, but situated in a 
more exposed locality, as in the country, probably on a rise or upon a 
hill. Then note if it a well-built house. Of course it cannot be deter- 
mined precisely from the plans how well a house is going to be built, 
or how poor a job will be done in its building, but it is generally safe to 
suppose that a house costing, say $5,000 will be better built thaij one of 
the same size costing, say $3,000, other considerations being equal. 
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Notice the peculiar construction of every room to be heated, its size, 
position of doors, windows, their size, position, whether single or 
double. See if provision has been made for ventilation. Note all flues 
in the house, their size, positions, if smootly plastered or not, or as is 
the case in ninety out of a hundred, whether they are filled up with hard 
mortar, from one foot to as in extreme cases I have found them filled almost 
five feet up from the bottom, left in this way by dishonest, or, to say the 
least, by culpably negligent masons. See if any fire-places or open grates 
are in the building; note the different flues running up in building in con- 
nection with the same. Pay particular attention to the thickness of the 
different partition walls; if wall pipes are to be used see if walls coincide 
or are directly above one another. This point has a very material bearing 
on the final cost and amount of labor necessary to do the work oomplete* 
It is also a very important item in the estimating of the total cost to 
know precisely who is to do the cutting of register- openings in the floors, if 
floor rugs are to be used, the moving of studding and other work which 
generally is done to suit the building, so that the different horizontal and 
wall pipes can be placed into their proper positions, as demanded for the 
best results and the proper heating and ventilating of the house. Of 
course some architects have the good sense to provide for some of these re- 
quirements, as location of register-openings, or for wall pipes, cold air 
inlet, and location of furnace, etc. But I may safely say that fully 
seventy-five per cent do not, and even in a great many cases where the 
architect has done what really is his duty, the builders, such as brick 
masons, and in particular the carpenters, rarely make their work con- 
form to the requirements demanded by the furnace man for his work. 
The reason for this is very easily to be seen. For instance, take a set of 
plans of any building which is to be heated by a furnace; it will be seen at 
a glance at the various floor plans, that no provision is set where the car- 
penter must place his joists and studdings throughout the work. Of course 
he has the positions of the various openings in the walls for doors, win- 
dows, etc., to go by, but as to the rest of the walls he generally follows 
his own inclination, thus ignoring the very part that particularly 
concerns the furnace man’s work, oftimes causing considerable expens© 
and waste of ^ime to the furnace man in case he is not watchful and 
careful to make provisions in his calculations beforehand to meet just 
such conditions. These remarks apply to new work in particular. I may 
also make the assertion, which will, I think, be borne out by most furnace 
men of experience, that most architects, to put it mildly, do not know as 
much about the proper arrangements of a heating plant as they really 
should, most of them leaving the arrangements entirely in the hands of 
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the furnace man; and these, it often is the case, lack a good deal from be- 
ing perfect themselves in every particular concerning their work. 

It is well to note and have a clear understanding with both the owner 
and also with the architect where the furnace is to be located, what kind 
of furnace is to be used, whether brick-set, cast iron or wrought iron; also 
what kind of wall pipes, whether floor or side wall register, concave or 
flat faced. Note the height of cellar, whether any excavation of cellar will 
be necessary; the disposal of earth as dug up. All these little items count 
and must be considered in the first step, namely the estimate of the cost 
of putting in the entire plant. 

Have a definite mode and location agreed on from where the cold air 
is to be obtained. It of course is understood that the height of cellar in 
clear must be known. 

Have a clear and well defined system of ventilation agreed on, if any 
fixed mode is to be used for obtaining this result. 

Have an understanding how many persons are to live in, or are to use 
the budding under consideration. 

The foregoing does not by any means exhaust this subject, but will do 
for the preliminary figuring and estimating, and gives a good ground work 
to base further steps on which require a more detailed treatment which will 
be given further on as occasion demands. 

The following tables and rules are often used in figuring areas, cubic 
contents, surfaces, etc., in furnaco work. 

It would perhaps be well to give in this paper the following arithmeti- 
cal signs, which are used in calculations: 


= 

Signifies Equality as 


+ 

Plus or addition as 


— 

” Minus or subtraction as 


X 

Multiplication a 5 * 


-r 

Division a* 


3 2 

3 is to be squared as 


3 3 

3 is to be cubed as 


y 

“ Square root as 


8 l/ 

“ Cubic root as 



The table given will be very handy in figuring the difference between 
the different pipes or surfaces, say, for instance, that area contained in 
the space between a radiator of a furnace and the casing is desired. The 
radiator being 4 feet and diameter of casing 4 feet 6 inches, by the table 
4 feet = 1,809.56 inches area, and 4 feet 6 inches = 2,290.22 inches 
area, or in even numbers, say 2,290 square inches for casing and 1,809 
square inches for the radiator. So 2,290 — 1,809= 481 square inches 
area is contained in space between radiator and casing. Or in other 
words, to find the area contained between concentric circles of different 
diameters as mostly used in furnace work, this table covers almost any case 
that is liable to occur. 
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AREAS OF PIPES. — ROUND PIPES. 


The diameter of a pipe being 1" the area is .7854", multiply the 
square of the diameter in inches by 7854 = area. 


Diameter of Pipes. 

Diameter 

of Pipes. 

3" 2 X 

.7854" 

•=■ 7.068" 


34 "* 

X 

.7854' 

' — 907.922" 

4“ “ 

tt 

“ 12.566" 


36 “ 

ii 

t> 

“1017.87" 

5“ “ 

ti 

“ 19.635" 


38“ 

it 

it 

“ 1134.12" 

6 “ “ 

if 

“ 28.274" 


40“ 

ii 

it 

“ 1256.64" 

rj ft ti 

i 4 

“ 38.484'' 


42“ 

ti 

i t 

“1385.44" 

8 “ “ 

ft 

“ 50.265" 


44“ 

it 

it 

“1530. 53" 

9 “ * 

u 

“ 63.617" 


46 “ 

ti 

tt 

“ 1661. 90" 

10 “ “ 

ti 

“ 78.540" 


48 “ 

ti 

ti 

“ 1809.57" 

11 “ “ 

it 

“ 95.033" 


50“ 

it 

ti 

“ 1963.60" 

12“ “ 

ti 

“ 113 097" 


54“ 

it 

tt 

“2390.22" 

13“ “ 

it 

“ 132.732" 


56“ 

it 

it 

“2463.01" 

14“ “ 

ti 

“ 153.938" 


0 “ 

ii 

ti 

2927.44" 

15 “ “ 

44 

“ 176.715" 


62“ 

tt 

tt 

“3019.07" 

16 “ “ 

ft 

“ 201.062" 


64“ 

it 

ti 

“3216.99" 

18 “ “ 

i f 

“ 254.469" 


6 “ 

tt 

i t 

“3421.20" 

20 “ “ 

ti 

“ 314 160" 


68“ 

tt 

ii 

“3631.68" 

22 “ “ 

it 

“ 380.133" 


70“ 

tt 

tt 

“3848.46“ 

24 “ “ 

ft 

“ 452.290" 


72 “ 

it 

tt 

“4071.51" 

26 “ “ 

it 

“ 530.930" 


75“ 

tt 

ti 

“4417.87" 

28 “ “ 

it 

“ 615. 753'' 


78 “ 

tt 

it 

“4778.37" 

30 “ “ 

it 

“ 706.860" 


80“ 

tt 

it 

“5026.26" 

32 “ “ 

it 

“ 804 249" 


84“ 

tt 

tt 

“ 5541 7824“ 


The table given for the areas, is, of course, as precise as will ever be 
needed for correct calculations, but where it is preferred, whole numbers 
will be near enough for all ordinary cases in practice. 

The following are also important rules which are frequently made 
use of: 

1. The area of a circle by rough calculations, may be taken at three- 
fourths of the square of the diameter. Note this method, a quick, but not 
precisely accurate one, is often made use of. 

2. The diameter x by 81416 = circumference. 

8. x the circumference by .31831 = diameter. 

4. X the square root of the area by 1.12827 = diameter. 

5. x the side of a square by 1.128 the diameter of a circle of 
equal area. 

6. x diameter of a circle by .8862 = side of an equal square in 
area. 

7. x diameter of a circle by .7172 = side of an inscribed square. 

8. The areas of circles are to each other as the square areas of their 
diameters. Any circle whose diameter is double that of another contains 
four times the area of the other. 
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9. x circumference by .2821 =iside of an equal square. 

10. x circumference by .2251 == side of an inscribed square. 

11. x side of a square by 1.4142 = diameter of its circumscribed 
circle. 

12. x side of a square by 4.448 = circumference of its circumscribed 
circle. 

13. x radius of a circle by 6.28318 = circumference. 

The following gives the linear, square, cubic and angle measure tables 
used in furnace work : 

Linear, Square. Cubic. 

12” =1' 144 sq. ”=1 sq. it. 1,728 cu. "=1 cu. ft. 

3' =1 yd. 9 sq. ' =1 sq. yd. 27 cu. ' = 1 cu yd. 

The square measure is used to measure length and breadth. One 
square foot is a square, each side of which is a linear foot, used to measure 
surfaces, areas, etc. The cubic measure is used to measure length, breadth 
and thickness; in furnace work the cubic contents of space of rooms, etc. 

The area of a triangle is one-half of the product of its base and alti- 
tude. As for instance, a triangle whose base is 8 feet, and altitude 5 feet, 
has an area of 8 * 5 = 20 square feet. This last rule is used in measuring 
corners in bay windows, etc., by it, also, all polygonal areas are calcu- 
a sted. 

The tables of areas of oval and square pipes will be given in a future 
paper. 


IV. 

JVIEASTJl*If4G OF OUAIili PIPES. 

The plans submitted in this article are those of the first and second 
story of a frame building; the cellar plan is also given. The dimensions 
as to the length and width ot each of the different rooms are marked on the 
plan of each room. The walls of the cellar are of brick and the outside 
walls are 12" thick; the inside walls are 9" thick. The height of the cellar 
is 8' in the clear on the inside. The floor is to be of concrete, and the 
ceilings of all the different apartments of the cellar are to be lathed and 
plastered. The floor joists of first floor are 12"; the height of the first 
floor rooms is 9' 6" in the clear. The floor joists of second floor are 10" 
and the rooms are 9' high in the clear. All the windows of the cellar are 
made to hinge from the top, to be raised for flushing the laundry and cellar 
with air for summer ventilation. It will be noticed that the chimney on 
the east side has three open fire places connected 9 with the central flue. The 
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two first floor fire places discharge into the divided flue; see first floor plan. 
Fig. 5. The divided flue unites into one central single flue at, or near floor 
line of second floor, Fig. 6. The flue a is intended forfurnace smoke flue 
and the flue b is for ventilating flue for the cellar. 



The plan of the second floor shows the connection of fire place on that 
oor with the central flue. The rear chimney has four flues; the two cen- 
tral flues are one for the kitchen and the other for the laundry smoke flues, 
e flue c is for hot air duct for the rear chamber of the second floor- Flue 
is intended to be used to ventilate the two chambers immediately adjoin- 
ing flue d. The bath-room and the southwest chamber of second floor are 
to be ventilated by vent flue located in the dividing wall between the two 


MEASURING OF WALL PIPES. u 

rooms at v v. The closet x is to be ventilated by vent flue as shown on 
plan. 

I will assume that the plans Figs. 4, 5 and 6, are submitted to a fur- 
nace man to be measured up for all the square hot air pipes required for 
the building, and also for the ventilating pipes as the plans call for. 



In the plans given, the positions assigned to the various pipes I will 
say have been fixed by the architect. All the registers throughout the en- 
tire house are to be put in the side walls. The place where the furnace is 
to be set has also been designated by him as well as the direction for the cold 
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air duet. At the present time I will not discuss the propriety of the various 
positions assigned to the furnace, hot air pipes and ventilation ducts by the 
architect, or his reasons for doing so, but will show how to proceed to get 
the measures as the plan demands. 



Fig. 6 

The first step for a rough calculation in order to get the figures for es- 
timating the total amount of pipe required, so as to obtain its cost, is as 
follows: For first floor rooms take the distance from bottom line of plaster- 
ing of cellar ceiling to the top of pipe, as required for the proper placing 
of the wall registers of first floor rooms and hall. 
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The details are as follows : 

1. Thickness of lath and plastering of cellar ceiling is 1 " 

2. Height of floor ioists is. , 12 " 

8. Thickness of flooring is i_i" 

4. Height of base board and molding is lOf" 

• 6. Height from base board to lower end of register edge. . . 2 " 

6. Make pipe 2" longer than size of register measures. If 

12" make the same 14 " 


Total . . ..41" 


The opening demanded by a register without a frame is larger than 
register measures; for a wall pipe, as, say a 10" by 14" register is to be 
used, the opening should be 10£" by 14|" to ensure a nice easy fit. The 
reason I give for a register measuring 12" only, an allowance of 14" of pipe 
is, that the register when in position on the wall should never be any lower 
than two inches above the top of molding of base board; this, to make a 
neat finish in the setting, and also as the register has a flange extending 
from 1 to in some cases 1^ farther out than the opening in the square 
pipe. This opening is generally made an inch down from the top of the 
pipe, so that when the register is placed it extends one inch farther out all 
around beyond the size of the opening of the pipe and wall. These reasons 
if the pipe is made 2" longer still leave 2" of space of wall exposed above 
the molding of the base board and the lower edge of flange of register. 
As there are four pipes to be supplied for first floor, namely, one each for 
parlor, hall, sitting-room and dining-room, we have 4x31"=:10' 4" pipe re. 
quired for the first floor rooms. It is to be borne in mind, that for each 
supply pipe of each separate room, the lower shoe and the opening are ex- 
tra, although both are included m the total length of each pipe or stack, as 
the wall pipes of houses are commonly called. I have also omitted to give 
the capacity of the different sizes of pipes. What I want to impress first is 
how to measure the length of a stack and not the details ; these will be 
given farther on. 

There are four stacks for the second floor, but five rooms to be heated ; 
that is, one of the stacks is to supply the hot air for two separate rooms » 
namely, the bath-room and the south west chamber. The south chamber, 
it will be seen, is supplied by the duct c, Fig. 4, of rear chimney. We will 


first consider the front or northeast chamber stack. 

Details of the N. E. chamber, square pipe or stack. 

1. Thickness of lath and plaster of cellar ceiling is 1" 

2. Height of first floor joists are 12" 



measuring of wall pipes. 

8 - Thickness of first floor flooring is ... . . llf 

4. Height of first story rooms is .... . . ’ . ’ ’ ’ ’ " ' , *f, 

5. Height of 2 d floor joists are ’ ’ . ,, 

6 . Thickness of 2J floor flooring is. 

7. Height of 2 d floor base board and molding is ... . 9 " 

f' fr ° m base board to lower e(J g e of register is. 2" 

9. Make the pipe 2" longer than t>-e measure of the register; 
if the same is 12 " make the pipe 24 " 

Total length of pipe 18' 8 £"~ 

incWedi » ^ ‘“ d “* *» 

for N.T"Zte* ' e ° 8th ““ ° PPOr “ ““ k “ ““ - «>“• 

E ' ■» « the N. E. 

The stack which supplies both the bath-room and play-room has an 
additional length of square pipe under the floor, connecting the two verti- 

tion is fiT aS he i! eC0 ^ St ° ryplan ’ Fig< 6 ' shows - The length of this seo- 
1 1 °ng, making the total length 'of this stack 13'8 4"x6=19'8A'' 

long and two turns register opening, and shoe extra. The connection pipe 

lre2^2"W C mT^ . f f°“ ° t0 WaUiS 8 ' l0Dg ’ the P^B 

opening eZ.’ ® ^ ^ ° f ^ 5 ' 2 " *»* *** 

The foregoing gives for the total of all the first and second floor hot 
air supply stacks as follows. * ot 


4 first floor stacks each 41" long= 

For second floor stacks. 

1. Length of N. E. chamber stack is 

2 . Length of S. E. chamber stack is 

8 . Length of hall stack is 

4. Length of B. R. and P. K. stacks is 

*. Length of S. R. stack is ..:.... 

Total of all H. A. stacks 

Charge extra for first floor pipes 4 shoes or starters. 
Charge extra for second floor pipes 4 shoes or starters. 
Charge extra for second floor pipes 6 register openings. 
Charge extra for first floor pipes 4 register openings. 
Charge extra for B. R. and P. R. floor pipes 2 elbows 


18'8" 


13'8£" 
8 ' 8 £" 
13'8|" 
19'8£" 
5'2 " 


69'7" 
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The above is the total of extras on hot air stacks of entire house. 

For ventilating pipes for the first floor rooms we have only to consider 
the dining room as the plan shows. The hall it is intended to ventilate to 
the furnace. For the parlor and sitting-room the open fire places are in- 
tended for vent ducts of these rooms. The kitchen ventilation will be at- 
tained by the use of a canopy; the smoke flue of the kitchen stove will be 
utilized for this purpose. The details of ventilation pipe for dining-room 
are as follows, as to its length : 

1. Height from floor of dining-room to ceiling is 9' 6" 

2. Height for 2d floor joists and flooring is 11" 

8. Height from floor of 2d story to ceiliug is 9' 

4. Height of thickness of lath, plaster and ceiling joists of 

2d story is 10" 

5. The distance from vertical vent pipe to flue in rear 

chimney is 7 ' 


Total length „ 27' 8" 

1. Charge extra for register openings at floor of dining-room. 

2. One elbow for vent pipe. This elbow occurs where the section of 
pipe which enters the brick vent flue joins the vertical which comes up 
through the wall which divides the stairway and rear hall, Fig. 6. The 
ventilating pipes for the second story are, one pipe to ventilate both the 
bath-room and play-room. The S. E. chamber ventilates into flue d of 
rear chimney. The south chamber does the same. The length for south 
chamber vent pipe is 8' and one register opening. The register opening for 
the S. E. room will be made directly into the brick work. The closet 
(marked x) pipe is 9' 10" long vertically and 14' long from vertical pipe to 
flue d of the rear chimney. Total length of same is 23' 10". One register 
opening and one elbow are to be charged to this pipe: 

The vertical height of bath-room and play-room vent pipe is 9 10" 
and from vertical to flue c of rear chimney is 18' long; total length of same 
is 27' 10". Two register openings and one elbow are to be charged to this 
pipe. 


Total lengths of ventilating for entire house. 

For first story vent pipes length of dining-room pipe is 27' 8" 

For second story vent pipes. 

1. Length of south chamber vent pipes 3' 

2. Length of closet x vent pipes is 23' 10" 

8. Length of bath-room vent pipes is 27' 10" 

Total. 8F™lT" 


Charge extra for first story ventilating : 

Register openings x 

Elbows for first story 1 
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Second story register openings 3 

Second story elbows 2 

The foregoing amply shows how the lengths of stacks and vent ilation 
pipes are measured for the purpose of preliminary figuring. 


V. 

DETfllliS Op WflLiLi PIPES. 

In measuring up stack work for a house as the figures 5 and 6, article 
IV, give, great care is to be taken to get every detail as correct as possible 
while the work is done in the shop, so that when the work is put into the 
building everything fits snug and just right. To attain this result it is 
absolutely necessary that the measures taken by the person doing this work 
are also correct and in such shape that they can be readily understood and 
easily read by the men in the shop. 

Figures 7 to 14 give example of drawings of stacks and details of work 
of this kind. 

The Fig. 7 A gives a west end view of the stack supplying the 2d story 
hall; B is the south front view of same. 

It will be seen by the plans that the lower section, or that part run- 
ning up between the partition wall of the first story, stands at right angles 
to the upper end, which discharges into the upper hall. 

The drawing shows all the relative positions clearly of the entire stack, 
and is drawn to scale to the foot. In length it corresponds to the 
measures given in the table of the hotair stacks, article IV. 

In practice it is not necessary that the entire figure be drawn, of course, 
the general mode of obtaining the memoranda of a stack of this kind being 
to put down the height of joists of first floor, then from this point to the 
bottom line of upper floor, and from there to the top of stack, as the follow- 
ing figures give : 12"+10' 61x2' 2" = 18' 81". The turns and deviations 
from a vertical line between the second floor joists can readily be seen by the 
drawing, as shown by the positions of plan in Fig. 7. Although the no- 
tation being shorter than by the first mode given, it must not be forgotten 
that all the details given in Fig. 7 have to be allowed for to obtain the cor- 
rect result. The shape of the shoe or starter given in Fig. 7 is a very good 
one for this case and the conditions as the plans of Figs. 5 and 6 of article 
IV. call for. The following are the details and explanations of the letters 
in Fig. 7: A is end view of stack, B is side or front view of same, L and P 
for lath and plaster for both ceiling of cellar and first story room, J for 
joists for both floors, F. F. S. and F. S. S. for first and second story floors, 
B. B. for base boards, R. 0. for register opening in stack. 
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. Fig. 8 gives an end view of the hot air supply stack of the N. E. chamber. 

Jtvery detail is plainly marked on the same. The scale is to the foot. 



bathed lh 1 °^ n V1 T ° f the h0t air 3u PP J y Pipe of both the- 

bath and the play room of second floor; A is the vertical pipe located in the 

partition wall between the dining room and stairway, B is the horizontal 

section between the outlet section between the play room and bath-room. 

the two on SeCtl0D ; i* r'r" iS alS ° giv6n 0f the maimer in which 
the two openings are to be placed m relation to each other. It will be seem 
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that a dividing shield is placed between the two openings; this should extend 
below the lower edge of the register opening from six to ten inches at least, 
and placed into the stack as shown in drawing. 



It will be noticed that at the upper end a deflector shield is put into the 
stack, shown by dotted lines ; this gives the flow of air a gentle curve to the 
outlet at the register instead of an abrupt turn, which would be the case 
without it. I would recommend to put a shield of this kind into every 
stack, which has its outlet on the side. A more detailed description of the 
different styles and kinds of hot air stacks will be given farther on. 



Fig. 11 shows the details of the ventilating pipe or stack for the 
bath-room and play-room. A. is the vertical pipe, with the two vent 
registers placed in position, opposite to each other. A dividing shield is 
placed in the stack as shown in the bottom end between the two registers. 
B. shows how the end which enters the ventilating flue is to be arranged. 
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trim off the ends if too long, be sure to have the frame about a quarter inch 
back from face of finished wall, then put the register face against the wall 
in its right position, corresponding with the position of the frame of the 
register, and bolt same together with the register screws or bolts. The 
frame being held in place by the straps of stack, as a consequence the 
tighter, the bolts are drawn up the firmer the face of the register becomes 
fixed with its flanges against the wall. 



fAURSUHlfiO OF HO UfilD PIPES. 


To get the correct estimate of the actual amount of round pipes it re- 
quires to pipe a furnace, I would recommend the following method for 
the preliminary part to attain this result. Take the plan of the cellar in 
\rticle IV, as given by the architect. It will be seen that the final position 
of the furnace and its location in relation to the inlets of the various 
stacks, has been set by him. 

Fig. 15 shows the plan of the furnace located in cellar plan of 
IV, also the positions of the walls as far as is necessary to show 
the correct location of the starters of the wall pipes, etc. Now from the 


Fig. 15 


furnace to these various starters, draw the respective round pipes as is 
fully shown in Fig. 15. For ready reference, I have marked each starter, 
to which room it leads and also the location of same on each floor. 




— - 
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Fig. 16 shows the correct elevation of each pipe which it assumes 
when it is placed in position as demanded by the plan, Fig. 15. 

By thus drawing both the plan and elevation, it becomes a simple 



matter to ascertain the true length of each pipe. Take, for instance, the 
dining-room pipe, marked 1 in Fig. 15, and also the pipe leading to the 
second story hall, marked 2. Take the distance from their respective 
starters to the furnace, transfer these to a line drawn to any indefinite 
length, as the line a a', Fig. 17, as shown for line 1 by the distance a b, 
and for the line 2, by the distance between c and d on line a a'. From 
b drop the perpendicular line b to c equal in length to the height of the 
rise of the pipe from the furnace hood to the starters, as is fully shown in 
Fig. 16. Do the same at d to f for pipe No. 2. Then the distance from 
a to e is the actual length of pipe No. 1, and from c to f is the length 
for pipe No. 2. It will be observed that the actual lengths for all the pipes 
are marked on line a a', from A. to a, which have ail been obtained in the 
same manner as described above. 

This operation described in geometrical terms would be: ascertain the 
length of the two sides of a right angle, or the base, as b c, and the per- 
pendicular, as b a; the ends of these connected by a line called the hypo- 
thenuse gives the true or actual length of the pipe under consideration. 

A drawing by this method, as Fig. 15, if drawn correctly to scale of 
any job of this kind,' gives at once a correct and simple record of the 
entire work of piping a furnace. If each job is drawn out into a 
book, say one page devoted to each separate job, much time and annoy- 
ance may often be saved, when, as is often the case, some particular point 
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or item is wanted to be known about work done, but which generally no- 
body about a shop can remember to a certainty. To keep a book o' this 
kind would pay. 



The foregoing covers all that is necessary to form a reliable estimate 
as to the amount of pipe it will take for tbe furnace as the plan of cellar, 
Article IY, demands. 

I will now assume that the furnace has been set up in the cellar and 
is ready for the pipes to be put up and connected. 

One of the most crude, and in my opinion, unworkmanlike ways of go- 
ing about this work, is to send a lot of pipes of the different sizes that 
may be used to pipe the furnace, and aho a lot^of different angles and 
elbows, without any regard as to whether they have anyway near the right 
angle demanded to make a neat and good job. I have seen cases where 
say ten angles were actually used, and thirty sent out from the shop, and 
as a matter of course, as the workmen are not over-careful sometimes, the 
natural result was that this mass of stuff laying around all over the some- 
times not over-clean cellar, and often being in the way of the work- 
men, was stepped on, smashed and generally battered so that they were 
hardly fit to be used. It also often makes it necessary to do extra haul- 
ing and teaming, which could have been avoided by some sort of system 
and order. All this shows poor judgment and bad management of those 
who should know better. A far better plan to follow is fully shown by 
Figs. 18 and 19. When the furnace setter has the furnace proper set up 
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and it is ready for piping, the collars for the hood should be at hand. 
Space off the hood as demanded for the best results for the easy and equal 
flow of the hot air, so as to insure each pipe its proper share, to heat the 
apartment it is to supply. 


Hot Air Angles & Elbows 







a* 


Smoke Pipe Angle 


When tbe hood is spaced off, cut the holes for the collars and trim 
them so that they will conform as nearly as possible to a straight line from 
the furnace to the starter of the stack. Care must be taken not to cut too 
large an opening out of the hood. As for instance, if a 9" collar is given 
as much as it will be possible to trim it on a slant against the side of a furnace 
hood, the opening may be larger than a 10" or 11" collar would require put 
on, straight out from the hood. The idea is not to go to the extreme, but to 
secure as straight a line to the starter as is consistent for good judgment 
to take. Fig. 18 gives some examples of what is meant. 

After all the collars are trimmed and holes cut in the hood, fasten 
them temporarily and make a mark on b jth the collars and hood so that 
when they are taken off, they can readily be put in the same place again 
without any trouble to find out just how they were on before. Also number 
them, both the collars and the openings in the hood to which they fit. 
The tools required for the proper measuring of this work, are a tape line 
and a bevel angle, a rule, and paper and pencil. 

Mark down on paper a circle like Fig. 18 gives for furnace. The 
workman need not be over-particular if he does not get this part so nice look 
ing and precise as the figure given. The part where he wants to be pre- 
cise is for the angles and elbows ; the sketch he makes is only to guide him 
where the work he gets out goes when Ii j puts up the same. I will first take 
the pipe No. 1 : stretch the fape line from the collar of the furnace tQ the 
outlet in the hot-air flue, mark down on the sketch the length as obtained, 
which is 6 9 and 5 4 and 2', then get the bevel of the angles as Fig. 
19 shows. To put these down, draw a straight line as x . X '. shows; mark 
the angles obtained as shown for pipe No. 1, and number them as shown 
in both Figs. 18 and 19. Mark the size of diameter underneath the line 
X x '. as for pipe No. 1, marked 8". By a careful study of Figs. 18 and 
19, it will be seen that the foregoing has been applied to all the other pipes 
in the same manner. Of course all the angles are obtuse angles in this 
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case. The sketch here given has all measurements put down for each and 
every particular point needed to be fully understood. The pipes are all 
numbered on the hood of the furnace; their diameters are given at the 
■other ends, as No. 5, is marked 9" on the other end of same. 

No. 6, is 12 , etc. The length of each pipe is plainly shown at each 
pipe and their respective angles and elbows are fully given by Fig. 19, also 
their diameters. This much for measuring the work-up where the furnace 
as set. To get out the work in the shop, the following list has been deducted 
from the foregoing. The collars will have to be taken to the shop and 
burned up and cleats riveted on the inside to fasten same to their openings 
in the hood when the piping of the furnace is put up. 

The amount of pip a required is: 


8 " 

Pipe. 


( For No. 1 
< “ “2 
( “ “9 


9" j For No. 5 

Pipe. ( “ “ 7 


10" Pipe For No. 8 


12 " 

Pipe. 


( For No. 3. 

] “ “ 4 . 

( “ “ 6 . 


' 1 Piece 

8 " ! 1 “ 

Smoke pipe. ‘1 “ 

1 Angle elbow 



10" 


4" 



20' 

2" 




6" 

19' 

6" 


6" 






6" 

21' 

6" 


2' 6" long 
2 ' 

16' 


Angies 

u 

«( 

it 


Elbows 

ii 


PIPE ANGLES. 


ELBOWS. 


20 ' 6 " 


.6 8 " 
.3 9" 
,2 10 " 
2 12 " 


.1 9" 
2 12 " 
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DAMPERS. 


Hot air pipe dampers 



3 8" 
,2 9 " 
1 10 " 
,3 12" 
1 8 " 


Smoke pipe damper 


HOOD COLLARS. 


Hood collars 


.3 8 
.2 9 
.1 10 

.3 12' 


<< 


<< 


<< 
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TOOLiS FOI^ BHflDIflG SQUARE PIPE. — ^VJACfHflE flo. 1. 

A description of the various kinds of tools and machines, the ways of 
making and forming the different styles and kinds of hot air wall pipes, 
will next be given. Tables and useful rules applying to the different 
square or rectangular pipes, both single and double, and also for oval and 
round pipes, will be fully given in a form most suitable for measuring and 
getting out stack work in the shop. 

The different methods and tools used in most shops for bending the 
corners of square pipes are, first, with the beakhom stake. This is about 
the slowest and at the same time the most laborious way of doing the work. 
I may add that this way of doing the work is not used, excepting in rare 
cases, in well-regulated shops where economy of time is considered. In 
the larger furnace shops special machinery is provided for the workingmen 
to do the work with. These tools and machinery are costly, and the more 
complicated the higher the price. For the benefit of those that do a good 
deal of work of this kind, but do not feel inclined to buy the higher priced 
machines, I give the designs of two machines that will answer all the pur- 
poses required, being light, strong, durable and cheap, and that can eas- 
ily be made by any mechanic of average ability. The views A, B and C, of 
Figure 20, give the front elevation, plan and end view of a brake or ma- 
chine for this purpose. The bed plate or main body of the machine is 
made of a 8'' thick, 4" wide and 32" long piece of hardwood. The clamp 

or top part is 21" high, 2$'' wide at the bottom and 2" only at the top in 

widih. This part is also made of hardwood, as is also the lever, 

which is 80" long, 6" wide and 11" thick where it joins the bed plate! 

as L of the end view of C. The reason for the length given is that 30" 
wide material may be worked with this brake if so desired. I will first 
describe how the bed-plate is to be put into shape. Have all the sides 
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placed and smooth; next cut the grooves on the upper face of the bed- 
plate J inch wide and f inch deep, corresponding to the measures given in 
A and plan B. These grooves are made to allow the folded part of the 
pipes to be turned and at the same time not to crush them flat when the 
clamp is fastened down. The grooves correspond to the distances required 
for 14", 20" and 28" pipes. Next face this part with plates of iron be- 
tween the grooves, first cutting out a slot on the left end for the fastening 
bar of the clamp as shown by the plan B and by the end view C. This 
slot is to be §" wide and 2" back, starting from the end of the bed-plate; 
the exact position is plainly shown at S, of plan B. 



bench, as at B, B", of plan B. Cut the clamp, or top part, and make to 
the dimensions given in the drawings. Cut out the grooves to correspond 
with those of the bed -plate, both for spaces for the folds of the tin pipes. 
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and also for the faster ing bar. Line the faces of the clamp that come in 
contact with the material worked while in use with iron plates of moderate 
thickness, say about 1-16" thick. The lever, wing, or bending bar, of 
which the front view A gives full dimensions, and also the general style of 
the shape most suited for the same, has also grooves cut out of its li" wide 


TOOLS FOR BENDING SQUARE PIPE. 


27 




end to admit the passage of the folded part of the tin pipes. A handle, as 
shown in the drawing, is the best shape for the lever, and I would advise 
that one of this shape be used for this purpose. The face of the lever is 
also to be lined with iron strips. Tbe different parts are now ready to be 
put together. Place them together in their relative positions and mark off 
on their surfaces the positions of the different sets of hinges. The lever is 
shown, in both the plan and front views, let down when not in use; in the 
end view it is shown as up, or as it appears when in use or when making a 
square bend. The top clamp is joined to the bed-plate on the right hand 
end by a heavy hinge; this hinge should be of the best kind that can be 
procured, and well bolted or fastened on to the two pieces of the machine 
with long screws. The lever may now also be hinged on to the bed plate ; 
the position and number of hinges is plainly shown by the drawings A and 
B. The next step is to put the tightening clamp in position ; this clamp 
may be of by 1£" iron. A side lug, as the end view G gives, is to be 
riveted to this as is shown. The lug so fastened holds down the top 



the bolt which holds the tightening clamp in position is shown by all 
three views. A handle or knob to lift the top clamp from the bed -plate 
is also to be put where the drawings show. The dotted lines are the 
directions in which the different parts of the machine lift and work; these 
are given in the front and end views. The gauge bars, as shown by the 
end and plan views, may be made as suits the fancy. Plan B and the end 
view C show fully what is desired. A machine made after the description 
given in the foregoing need not cost more than five dollars. This covers 
all the material, time and labor needed for its construction. 
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VIII. 


PIPE BEADING WflCfUj'lHS-l'lo. 2. 

Fig. 21 shows another style of a home-made pipe-bending machine. 
The main parts of the machine are made of hardwood ; all the wearing 
edges are lined with iron strips similar to the style described for the machir e 
in Fig. 20. A is the plan and B is a side elevation. Full dimension figures 
are given on both the plan and side view. The directions in general, 
given for the construction of the machine, Fig. 20, also apply for this one,’ 
and therefore need not be repeated in this case. The following is a full expla- 
nation of all the different parts constituting this machine. C is the bed 
plate, to which the gauge bars or guides are attached as shown by G. The 
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bed plate is bolted to the bench by two bolts shown by x of side view B, 
and also by x, x' of the plan A; the brake wing is hinged to the bed plate 
by three heavy hinges as shown by the plan. Grooves are cut out of both 
the bed plate and the brake wing, to allow room for the folded parts of the 
square pipe; these grooves are one deep and wide. A handle, as 
shown, is to be placed in the position given by the drawings. The top 
damp E of end view is held up off from the bed plate by two strong spiral 
springs. The end view shows how deep each end of these springs is to be 
sunk into the wood, and the plan shows the location of each spring by the 
two dotted circles, one at each end of the top clamp bar. These springs are 
to lift the clamp bar l" in the clear off from the bed plate. The clamp 
bar is to have grooves cut out from its bottom side to correspond to those 
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of the bed plate. At each end of the top clamp bar a x li" piece of 
iron is to be securely fastened; these pieces are to be long enough to extend 
about two or three inches below the bottom side of the bench, upon which 
the bed plate of the machine is fastened. A $" hole is to be put in the 
lower end of each of these pieces. All this is plainly shown by P of the 
end view and P, P' of the plan. The foot treadle S of B is fastened to 
the floor at the front edge by a hinge as shown ; the other end is connected 
to the pieces P of the machine by rods, as is fully shown by the end view B. 



When the machine is not in use the springs in the top clamp bar draw the 
treadle up When a joint of pipe is to be bent the material is put in 
position as demanded for its size, then the treadle is brought down by the 
pressure of a foot on the treadle; this at the same time draws down the top 
clamp firmly on to the material being worked on at the time. Then the 
brake wing is grasped at the handle and swung up and forward as the 
dotted lines show. There are other ways for bending pipes, such as with 
larger and longer brakes, but these are no' at all common. The ways and 
the machines described will answer all reasonable purposes. 

Having now fully described the forming and braking of the square 
pipes I will next describe the complete measurements of all different kinds 
of pipes and stacks commonly used. 
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IX. 

TflE PUTTING Op OUflUIi PIPES. 

The making, also the different ways of getting out, and the way of 
putting into the walls of buildings, square, oval and round pipes, may now 
be considered. It is the practice in many shops to make the square pipes 
double, while others never use any but the single pipes. The difference as 
to safety between the two varieties would at the first thought seemingly be 
in favor of the double pipes. In my opinion the single pipes are as safe as 
any double pipe can be made. This point will readily be seen if the single 
pipes are put into the walls in the mariner I describe. First, the manner of 
putting in the double pipes. These are generally put up in sections. The 
total length of a stack being found as wanted, the first section is put into 
the wall, joined on to the shoe or starter in the cellar, as demanded for the 
stack. Then the top section is joined to the bottom section and secured to 
the same by a slip joint. This is about all that is done in regard to making 
this style of square pipe safe by most furnace men, that is, in relation to 
joining the various sections together. No other protection is made to pre- 
vent loss of heat or to provide against the heating of the woodwork where 
the outside pipe comes in contact with it. This applies to new houses in 
particular. The pipe is secured from falling from between or buckling out 
from the place it is to occupy by a strip of wood being nailed by the furnace 
man over the pipe, against the studding, at each side of the pipe. These 
strips hold the pipe in position until the lathers put on the wooden laths 
for the plaster. The mode jii^t described is the usual one followed by 
most furnace men to put in the double square wall pipes. The way I 
would recommend to put in the single pipes is thus: If the stack comes up 
in a partition wall, line the studding and, in fact, any exposed surface of 
the woodwork near the pipe with 8|" wide strips of tin. Then use iron in- 
stead of wooden laths. These laths are made in the shop. Make them of 
No. 26 black iron and cut them 2§ inches wide by 16 inches long, the 
usual distance that studding are placed from -each other. From a sheet 24x 



96 inches sixty of these laths can be made. The drawing of the lath 
shows how the laths are to be shaped. A is the upper and B is the lower 
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edge. When nailed to the studding the edges are turned one-fourth of an inch 
wide. It takes 5 ^ of these laths to the running foot, nailed one-fourth inch 
apart. One-inch barrel nails are the best with which to fasten the laths, 
one nail at each end. Then in addition to the tin liniog and iron laths, the 
single wall pipes should be wrapped with asbestos paper. Paper that 
weighs ten pounds to the square, and in some cases one pound to a square 
yard, is the kind most used for this purpose. . The best paste to use to fas- 
ten the paper to the pipes is the kind used by paper-hangers or hill posters. 
I have found this the cleanest, neatest and cheapest way of obtaining the 
desired result, and I may add that it is the most lasting way to fasten this 
kind of paper to hot air pipes. Comparing these two kinds of pipes with 
one another as to the amount of work it requires to make each kind, I 
would say that there is more work in the shop on the double pipes, but 
they can be put into the building in less lime than the single stacks. One 
pipe has only to be made of the single stacks in the shop, but then at the 
building where the stacks go there is the extra work cf lining the studdings, 
etc., with tin, and also the putting on of the iron laths. This nailing on of 
the laths is always done by the furnace man. To sum up all the condi- 
tions, the single stacks cost a little less than the double stacks, and, in my 
opinion, are practically as safe as any kind of pipe can be made if put into a 
building in the manner described. The foregoing also applies to oval pipes 
in all the essential particulars. As to the material used to make the differ- 
ent kinds of pipes, in some shops coke tin is used, IC for the smaller sizes 
and IX for the larger pipes. The best and most satisfactory results are 
obtained by using IC and IX bright charcoal tin. This applies to all kinds 
of pipes, etc. For lining tin as common a grade may be used as can be 
obtained. I would recommend that all sizes of square and oval pipes up to 
16 inches wide be made of IC tin and the larger sizes of IX tin. For round 
pipes IC may be used for all sizes up to 10 inches. For larger sizes, up to 
15 or 16 inches, IX tin. For any larger sizes it will be well to use No. 26 
or No. 24 galvanized iron. The custom in most shops in making round 
pipes is to let them lap or slip into each other one and a quarter inches, five 
joints to a section. The circumferential seams are lightly soldered. This 
way I regard at once the cheapest and also the common- sense way to fasten 
these pipes together. In fact, it is a stiffer and a more durable way to 
keep the pipes round than any other. The double seaming of the ends of 
the pipes I regard as a waste of time and money, although the practice is 
still persisted in in some shops. One very bad fault with this mode of fas- 
tening pipes is that when once double seamed together the joints cannot be 
taken apart without some trouble and waste of pipe, while if the joints are 
merely soldered together they can very readily be taken apart. Then the 
double-seamed joints are not nearly so stiff to resist any outside pressure as 
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There are two tables for these pipes; one covers the lengths of the pipe® 
made 14" long, and the other for pipes each made 20" in length. Allow- 
ance has been made for laps, and the tables also show what sizes the ma- 
terial is to be cut, laps for seams are allowed, also showing how many 
seams or locks the various sizes of pipes require, etc , etc. In fact, almost 
any question that may occur in practice coming within the province of 
these tables is fully met. If the 8" pipes are made of 14" lengths, it will 
require 18 joints and 12^", or say 19 joints. If the joints are 20" each, 
it will take 12 joints and 17" of pipe, or nearly 18 joints. The number of 
joints for the other sizes of pipes is found in the same tables. The above 
does away with a great deal of figuring and calculations, which would 
have to be done in order to get the results, but which these tables show at 
a glance. The tables also give all data for square or rectangular pipes as 
ordinarily used, also for oval pipes, giving the areas, sizes, how the material 
is to be cut, and the lengths of sections, etc., etc. 


TABLE OF LENGTHS FOR ROUND PIPES. 


No. 1. 


Material to be cut 20" for the length of each joint; 5 joints to a sec- 
tion, 1£" lap. 


1 joint. , 

2 joints 

3 M . 

4 M . 

5 “ . 


18 %// long 
.3/ 1 hn “ 

4/ 8*2// M 

.6/ 3// 

.71 9 %// u 


6 joints, 

7 “ 

8 “ 

9 “ 

10 M 


9/ 4*2// Ion tg 

10 / 11 * 4 // “ 

12 / (>// 

14/ %// “ 

i5 / 7*2// “ 


The table for the lengths of oval pipes is the same as the above if the 
material is cut 20" for the length of each joint and 1£" lap is allowed. 


TABLE OF LENGTHS FOR ROUND PIPES. 


No. 2. 


Material to be cut 14" for the length of each joint; 6 joints to a sec- 
tion, 1\" lap. 


1 joint. 

2 joints. 

3 “ . 

4 “ . 

5 “ . 


. 2 / 

.3/ 

.4/ 

,5/ 


12%// long 
1*211 “ 
2 %// “ 
3// 

3%/' “ 


6 joints, 

7 “ 

8 “ 

9 M 

10 M 


6/ 4 1 q// loner 
. 7/ 5%// “ 

. 8 ' 6 " 

. 9' 6%" “ 

10' 7 1 a" “ 


The table for the lengths of oval pipes is the same as the above, if the 
material is cut 14" for length of each joint and lap is allowed. 
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TABLE FOR ROUND PIPE. 

No. 3. 

S i Zes t0 . Cut materialfor joints 20" long. One i" allowed for each 


lock, 20"x28" tin. 


Diameter. 

Length. 

Cut Pieces for Circumference. 

One Piece, 

Locks. 

5" 

6" 

7" 

8" 

8%" 

20" 

It 

It 

16" 

19 V' 

22 v; 

255Q" 

27V" 

1 

II 

II 

II 

8" 

10" 

11" 

12' 

13" 

14' 

15" 

16" 

I7‘V 

II 

It 

II 

ft 

M 

ii 

ii 

Two Pieces. 

Large Piece. Small Piece. 

27" 2 V' 

27% 43s" 

“ 10" 

” 14" f 

17V 

20 1 8 " 

23 V' 

27V' 

2 

it 

Cut the small end 3 2 " smaller on one piece only for easy slip. 
Swage small end 1^" from end and 2" from large end. 



TABLE FOR ROUND PIPE. 




No. 4. 


Sizes to cut the material for joints 14"- long. One A" allowed for each 
Jack, 14"x20" tin. 

Diameter. 

Length. 

Cut Pieces for Circumference. 

One Piece. 

Locks. 

5" 

.6" 

14" 

16" 

1°V' 

1 

»• 

7" 

8" 

9" 

10" 

11" 

12" 

II 

II 

Two Pieces. 

Large Piece. Small Piece. 

19V' 3V' 

“ 63s" 

8 V 

12 V 

15 V' 

18V' 

2 

II 


Cut the end of the smaller piece— which is intended for small end- 
smaller than the above measurements. 

TABLE OF SIZES AND AREAS OF OVAL PIPES. — DOUBLE PIPES. 

No. 5. 


Outside Pipes. 


Inside Pipes. 


Area in Sq. Inches 
of Inside Pipes 
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TABLE OF OUTSIDE OYAL PIPES. 

No. 6. 

Use 20"x28" tin. One allowed for each lock. Swage 1J" down 
for lap. 


Sizes. 

Length. 

Gibt. 

Locks. 



Large Piece. 

Small Piece, 


35s" x 11 V' 

20” 

26 V' 

None. 

1 

“ “ 12” 

•* 

27%” 

IV' 

2 

“ “ 14" 

“ 

5 V' 

“ 

“ “ 16” 

“ 

t« 

9V' 

If 


TABLE OF INSIDE OVAL PIPES. 

No. 7. 

Use 20"x28" tin. One allowed for each lock. Swage 1£" down 
or lap. 


Sizes. 

Length. 

Gibt. 

Locks. 

Large Piece . 

Small Piece. 

3” x 10%” 

.. .. ir . 

“ “ 13” 

“ “ 15” 

20” 

if 

1 

2 

24 V’ 

25 V' 

27 %” 

None. 

2 V* 

6 V' 


TABLE OF OUTSIDE OVAL PIPES. 

No. 8. 


Use 14"x20" tin. One allowed for each lock. Swage 1£" down 
for lap 


Sizes. 

Length. 

Gibt. 

Locks. 

Large Piece. 

Small Piece. 

3 V' x 11V' 

“ “ 12” 

“ “ 14” 

“ “ 16” 

14” 

II 

I. 934 " 

II 

II 

tv,: 

9 v 

13 V' 

17 V' 

2 


TABLE OF INSIDE OVAL PIPES. 


No. 9. 

Use 14"x20" tin. One \ n allowed for each lock. Swage 1^" down 
for lap. 


Sizes. 

Length. 

Gibt. 

Locks. 



Large Piece. 

Small Piece. 


3” x 10%” 

14” 

19%” 

5 V" 

2 

“ “ 11” 

** 

II 

6V' 

•• 

“ “ 13” 

II 

M 

10 V' 

*• 

“ •« 15” 


II 

14 V' 

!• 
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TABLE OP SINGLE OVAL PIPES. 

No. 10. 

For hot air and ventilating pipes. 


Sizes. 


3 V' x 8" 
334" x 9" 
“ “ 10 " 

: i2 :: 

•• 14" 
“ “ 16" 


Area. 


25 square inches nearly 
30% *• 

34^2 “ •• 

42 “ “ 

4912 •• ». 

57 “ ' “ 


TABLES OF SINGLE OVAL PIPES. 

No. 11 A. 

Use 14 x20 ' tin. One allowed for each look. 11" lap. 


Sizes. 


334" x 75 s" 
“ “ 9" 

“ “ 10 " 
“ “ 12 " 
" “ 14" 

“ •* 16" 


Length. 

* Gibt. 


Large Piece. 

Small Piece. 

14" 

20" 

None. 


19%" 

3V 

,, 

“ 

5V 



9 V' 

“ 

* f 

3 3 V' 

17V' 


Locks. 


If 20"x28" tin is used. 


No. 11 B. 


No. 12. 


Sizes. 

Length. 

Gibt. 

Locks. 

334" x 8" 

“ “. 9" 

“ “ 10" 

;; u nv' 

“ “ 12" 

‘ « 14" 

“ “ 16" 


Large Piece. 

Small Piece. 


20" 

M 

• ( 

U 

• 1 

20 %" 

22 %" 

24 %" 

28" 

27" 

27%" 

None. 

14 

44 

2%" 

5 V' 

9 V' 

1 

2 

•« 


Cut the tin 19f" for the length of each joint, i" allowed to join the 


joints together. 


1 joint 

2 joints 

3 “ 

4 “ *. 

5 “ " \ . 
Less 2 V' for slip. \ 

6 joints 

7 “ 

8 •• 

9 

10 


No. of Joints. 


5 J oints for a 
Long Sec- 
tion. 



19V' long 
3' 3" “ 

4' 10V' “ 

6 ' 6 ’ “ 

7' 11" “ 


9' 

II' 

12 ' 

14' 


6 V' 
2 " 
9V 
5" 


5 

f°L d °. U i ) ! e S6amed round pipe tbe measures are the same asto length 


for the first five joints. 


TABLES OF PIPES. 


37 


TABLE OF LENGTHS FOR SQUARE WALL PIPES. 

No. 18. 

Cut the tin 18^- for the length of each joint. allowed to join the 
joints together. 



No. of Joints. 

6 Joints to a 
Long Sec- 



tion. 

1 joint 

2 joints * 

3 “ .. ’• 

13 V" long 
2' 3" 

3' 4 V" M 

4' 6" 
o' 7V" “ 

6' 6 V" “ 

5 “ 

6 “ 

Less 2 V" for slip, f 


7 joints 

8 “ . 

9 “ * 


7' 8" 

8' 9 V" “ 

9' 11" 

ir v" 


For double seamed round pipes the measures are the same as to length 
for the first six joints. 


TABLE OF SIZES OF SQUARE PIPES THAT ARE COMMONLY USED. 

No. 14 A. 

Double Pipes. 


Outside. 


3 V" x 10" 
* 11 " 
‘ 12 " 
* 13" 
1 14" 
' 15" 
‘ 16" 


Inside. 


x 9 V" 
“ 10V" 
“ 11 V" 
“ 12V' 
“ 13 V' 
;; 14?*;; 
“ 35V 


Area in Square Inches. 


28 V sq. in. 
31% - 

3 » % 

37 % 

40 % “ 

43 % “ 

46 % “ 


No. 14 B. 
Single Pipes. 


3%" x 6" 

“ 7" 

“ 8 " 

“ 9" 
“ 10 " 

“ 11 " 

“ 12 " 

“ 13" 

“ 14" 

“ 15" 

“ 15%" 


Area in Square 
Inches. 


22% eq. in. nearly 
26*4 *‘ 

30 

333£ •• 

37V “ 

41V “ 

45 


2V “ 

56V “ 

58 i8~i6 sq. in. 
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Vent Pipes. 
No. 14 C. 


Sizes. 

Area. 

r x 5" 


“ •* 6" . 

15 sq. in. 

1 Q “ 

“ “ 7" 

xo 

Ol “ 


AX 

24 “ 


07 “ 

“ “ 10" 

A l 

30 “ 


24 “ 

no “ 



AO 

on “ 

“ “ 9" ;;;;; 

<JA 

36 “ 


40 “ 


Aft “ 


56 “ 


60 “ 


64 “ 


TABLES OF SQUARE OR RECTANGULAR PIPES.— OUTSIDE PIPES. 

No. 15 A. 

Use 14"x20" tin. One allowed for each lock. 


Sizes. 

Length. 

Gibt. 

Locks. 



Large Piece. 

Small Piece. 




3 V x 10" 

“ “ 11" 

“ “ 12" 

“ “ 13" 

“ “ 14" 

“ “ 15" 

“ •« 16" 

13 y 

i« 

U 

41 

41 

19%" 

44 

II 

44 

44 

14 

8 V' 

10V' 

12V' 

14V' 

16V' 

18V' 

20" 

2 

• 4 

44 

44 

44 

44 


INSIDE SQUARE PIPES. 

No. 15 B. 


Sizes. 

Length. 

j OlBT. 




j Large Piece. 

Small Piece. 

/ JLiUCKo, 


j 

L 

3" x 9 V' 

“ M 10V' 

“ "11V' 

“ “ 12V' 

“ “ 13 V 
“ “ 14 V 
“ “ 15 V" 

13V j 

(t 

«* 

19k" 

44 

44 

44 

6k" 

8 k" 

10 k" 

12 k" 

14 V' 

16V' 

18V' 

2 


TABLES OF SQUARE OR RECTANGULAR PIPES. OUTSIDE PIPES. 

No. 16 A. 

Use 20"x28" tin. One allowed for each lock. 


Sizes. 

Lengths. 

Gibt. 

Locks. 



Large Piece. 

Small Piece. 




3 V" x 10" 

“ “ 11" 

“ “ 12" 

“ “ 13" 

“ .. 14 " 

“ “15" 

” “ 16" 

loy 

44 

44 

• 4 

28" 

27V 

44 

44 

44 

None. 

2V 

4 V 

6V 

8 V 
iov 

12V 

1 

2 
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INSIDE SQUARE PIPES. 

No. 16 B. 


Sizes. 


3" x 


9 V 

10 V' 

11 V" 
12 * 2 " 
13V 
14 V' 
15V 


Lengths. 


19V' 


Girt. 


Large Piece. 


25" 

27" 

27V 


Small Piece. 


None 

2 V 
4 V 
6V 
8 V 

10 V" 


Yi /wibr, 


P 

2f 


TABLE OF SINGLE SQUARE OR RECTANGULAR PIPES. 

No. 17. 

Use 20"x28" tin. One allowed for each lock. One allow©*! to 
join the ends together. 


Sizes. 


3V x 6" 

“ “ 7" 

“ “ 8 " 

“ “ 9" 

“ “ 10 " 

“ “II" 

“ “ 12" 

“ 13" 

“ “ 14 » 

“ “ 15" 

“ “ 15V 


Leng‘ h. 


19 V' 


Gist. 

LfiCi 

Large Piece. 

Small Piece. 

— 44* — — 

20" 

None. 

? 

22" 

*• 


24" 

If 

j »*• 

26" 

44 

*■*» 

28" 

if 

**• 

27V 

2 V' 

5 1 

43 4 " 


“ 

6 3 4 " 

i 

if 

8%" 

M- 


10V 

f “ 


12 V' 

*» 


TABLE OF SINGLE SQUARE OR RECTANGULAR PIPES. 

No. 18. 

Use 14"x20" tin. One allowed for each lock. One allowed to 
join the ends together. 


S zes. 

Length. 

Gj 

Large Piece. 

CRT. 

Small Piece. 

Locks, 

®1 

M: 

*■ 

CO 

13V' 

20" 

None. 

1 


7 



19 V 

2 V 

2 


“ 8" 



“ 

454" 



9" 

“ 10" 



(. 

ti 

6 V 

8 3 4 " 

is. 


.. X1 » 




10 54" 

U 


“ 12" 



“ 

12 54" 

u 


13 




14 54" 



“ 14" 



“ 

16 3 4 " 

c% 


“15" 



“ 

18 3 4 " 

If 


“ 15 V" 



19 V' 

19 V" 

** 


The foregoing tables may be modified in so far as in some shops the 
slip that I have allowed on the various pipes requiring slip joints, are some- 
times made larger, and in other cases, smaller to meet those conditiona. 
The differences must be allowed for in calculations. And also the standard 
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in, t Tl PiP °’ l* B “ C “ y * ihered 10 ta ““ *°l» “■« cmtom bn- 

, g ^ * I th makmg P J P es a little under, than full sized It will 
be well to bear all these points in mind when using the tables, if any dtvia 
tions are made from the figures and measures as the tables give The Fis 
'^"different kind, of .lip and d„„bl e ..e3 j.W.td 

-cigures 22 and 23 give end views of square and oval pipes. In Pig. 22 the 

J* 2 B’ 


-5 


:2 


. 0 ’ 


Fig. 22 



positions or me outside and inside t 

shown ; if the same are braced as the numerals 1 to 4ri2T fvT y, 
that is placed inside of the smaller pipe. The up and down seams of boTh 
pjpes are also shown at B, B', and at C, O'. In cases where a jo “t is made 
of two equal pieces the seams are frequently placed at the ends at A A' 

Il v ° V M PlPe ;, S ; v 23 ’ Sh ° WS tW ° braCes ^tween the outside and inside' 
only. More than these are rarely ever used between two joints A and B 

Seam m n °. val P ipes are generally placed; C is the inside 

L ?utd!w 3" PJ T t0f r ingle SqUare four comers 

are cut down 3 and bent over, lapped and tacked at the top. A W strin 

is soldered on to each end and side as shown in the figure at A to hold the 

next joint firmly in place. Fig. 25 shows another kind of slip joinS . Th e 


/ 



Fig. 25 Pig> 26 

pipe is bent at two opposite corners, as Fig. 25 shows, and a sfrin of t 
tat -a™ tan* a5 ta placed in th". joint in taZnef L R 
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26 bhows. Fig. 27 gives a style of slip joint that is used in some shops. 
This shape I regard as a very poor one to use, by reason that it is not as 
strong as the foregoing kind described, and its greater cost to make 



Fig- 28 Fig. 29 


the same. Fig. 28 gives the common style of slip joint, used for round 
and oval pipes. Fig. 29 shows the double-seamed joint used on round 
pipes. 


XI. 

PIPE IVIAKING TOOIiS. 

It may be well to give, in connection with the tables and other data of 
the different kinds of pipes, a brief description of some of the most used, 
and to obtain the best results, the most necessary tools, used in making the 
different kinds of hot air pipes. In putting the round pipes together, the 
practice, in some shops, is to cut the joints for the round pipes without any 
taper whatever; that is, both ends are made exactly alike as to size; then* 
in order that one end will go into another, the end intended to be the small- 
er one, is run through a crimping machine. This operation naturally makes 
one end smaller and easy fitting, but with this drawback, that crimping the 
end of each joint leaves the corrugated and rough surface inside of the pipe, 
when the main point to be attained should be absolute smoothness and an 
even surface in the interior of the pipes. Any rough or uneven projections 
hinder and retard the steady and smooth flow of the air through the pipes. 
The reasons given above are ample to condemn this practice as unsuitable. 
It should never be tolerated in shops where it is the aim to do good work. 
The right way is to cut the joints tapering, say one-eighth inch smaller on 
the small end; this allows for a good, close fit. Then, when the pipes are 
put together, the surfaces of both ends will lay up snug and tight, in fact, 
make a job as it should be, and not a botch. 

When a lot of pipe is prepared and all the foregoing directions have 
been complied with, soldering the joints into sections is the next opera- 
tion in order. If the joints fit snug and well, the circumferential seams 
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fiouh the work well. Frg.81 show, » pip8 “2,”“'“,; HHSutSf 




Fig. 31 . 


~ — ■ **. ».A show,. 
The shape as givei IT, bZ. S’ T .? b “ d ir0 “ “ B . A to C 
and are just enough rocker shawdTV' ” ^ easy handlin g of the trough 
great waste of forL The 2 e J ^ ^ ^ wifchout a V 

length, this i, a, W „ “ Sole o b ‘ 8 " ^ A - * «» 

soldering machine is shown in Fig 8g P P Twelfth Anot ! let st y Ie of pipe 
are used to hold the sections tnvJh ’ u-i fi ° f these comoaI Pip© holders 
ate three different wave shown to fSiH soldered. There 

accomplished bp mZ of » Z . TxL y T *° t '!i be “ h - °»» » 

with sand or lead so as to moi~ 4 u ’ X to X shows. This part is filled 
to the bench, and also atTe « ^ eU ° Ugh to hold the ho ^er firmly 

way is to takeTrom B andTet £*-*1 ^ pipS Another^ 

other tool. The best wav to t ^ 1Dt ° tbe beQcl1 as y° u would any 
bench, is the way shown bv ^ t0 ^ the holde - *» the 

neath the benZ S hddl tlTJU'l ?? **“ ° kmp ’ ™*r - 
a»J desirable height, „p to whereZ, «nr“ ^1^“" j° 

- made o, 1" stam, pipe, a, is .hewn bp the 
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of the piece of pipe, through the cone, one inch longer than the cone is to be 
when finished. As is shown, a nut is screwed on the end to secure the cone 
permanently in its proper pgpfcion. The cone itself may be made of No. 20 
gauge iron with a bottom IT the large end of the same gauge of iron. A 
strengthening plate may be put in the center as shown. When complete 
the cone may be slipped onto the horizontal bar, up to the ridge of the 
elbow, and on the other end secured from coming off from the bar by the 
nut shown at F. The general dimensions of the holders are given by fig- 
ures. It is understood that two of these pipe holders are to be made. The 
cones are to have enough play to revolve freely on the horizontal bars of 
the holders. There are other kinds of pipe soldering machines in use, 
some made in very elaborate style, but the kind I have described will an- 
swer all practical purposes, and have the recommendations in their favor 
that they are cheap, durable and easily made. 

For putting together square pipes into sections, a bar of iron 1" or 1^'' 
thick, by 8 ^ wide will be found the most convenient shape to use as a stake; 
this may be secured to the bench in the manner Fig. 88 shows. An 
arrangement to hold up the ends of the sections, so that the workman 
can conveniently and with ease join the joints on to the sections, and that 
without the additional assistance of a helper, is also shown in Fig. 38. To 
rig up this arrangement, take a bar of ^ ' rod, and fasten the same any con- 
venient distance above the stake you are working upon. Make the pulley 



fixed in the position as shown, while the pulley B may be hung in such a 
manner that the same can be shifted back and forth an the f " bar as may 
be desirable to suit the work at any time. A small chain, or even a cord, 
can then be adjusted to the end of the pipe farthest from the workman, 
and so arranged over the pulleys as shown. The end D can then be fas- 
tened to the bench in the manner which best suits the workman. It 
will be seen at a glance that this device answers the purpose in every re- 


riPK MAKING TOOLS 

spect. A. very handy arrangement is also shown, in Fig. 34, in a mallet 

Z “1 T Ml * ‘ he ““ *'» Mt ’ » iL^e 

8o fixed to the maUet answers all the purposes of a casing knife pinnin* 
ammer, etc., sometimes used while patting together square pipes The 

other ea d o( m is „ J(J to ao 5 „ a th8 ^ “• 

a.are gives a side and end view o ( a right haeded tool. It would bo 


R R 



Fig. 34. T 


tool than “h° one 
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or hoofs, but ^ Sb - 

it more clearly defines the position at which these part^ nTnZw 
the starting points in the cellar for the stacks or wall pines (1. !?’ 

nasassr 

pipes. The p„rp<», and intent 

...table connection and to insure an easy ani’smL “ow for ZT, * 
<»« the round pipe, o, the fornace, in J the sqn™ - . J J, I 


WALL PIPE STARTERS. 


45 


the partition walls of the building. How many jobs are done without the 
slightest regard being given to this most important point, when the starters 
are made and put into buildings, every furnace man of any experience could 
only too well tell, if he felt so disposed. The main point is : Have as few angles 
as possible ; get as direct and smooth an inlet as possible ; if any turns or angles 
are to be made, make them rounding, and make them with two or more joints, 
rather than with only one single angle. Then do good work on these parts. If it 
is intended that the seams are to be double seamed, have them so. Do not 
botch the work, but make them solid, and not as some do, that is, if a seam 
does not just come right, it is pounded down anyhow, and if, when the 
tinker is done battering the seam down, the locks are not caught but stand 
wide open, recourse is had to the soldering of the seams. This is poor 
work, and I may say it takes more time to do it than if a good, careful and 
neat job had been done in the first place. A specimen of a poorly designed 
starter is shown in Pig. 35. A shows a straight piece of stack let down far 



Fig. 35 


Fig. 36 


enough through or below the level of the cellar ceiling so as to admit the 
entrance of a round pipe into it without interfering with the woodwork 
above. As will be seen no collar is put onto the square pipe, but instead a 
hole of the size of the pipe that is to connect with the s f ack is cut into the 
same, and the pipe is merely pushed into this opening thus provided. This 
way of doing this part is about the poorest and cheapest way it can possibly 
be done. It frequently happens that the pipe is pushed into the stack too 
far when the pipes are being put up by careless workmen. This is shown 
by dotted lines in A. It is plainly to be seen that if a case happens as 
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shown by Fig. 35, hardly any air goes up into the wall pipe. This little 
illustration may explain to some furnace men why pipes frequently do not 
send up warm air as they ought to, and which they perhaps would if they 
had been put in properly in the first place. The remedy for this is: Put 
(Collars into every stack, so as to receive the hot air pipes in the cellar, and 
no trouble will occur from this reason. I may perhaps on this occasion 
show up a practice that tricky furn ice men are guilty of in the putting up 
of stack work in some instances. It sometimes happens that the contract 
for the putting m of the stack work is let to one firm, while another firm 
secures the contract to put in the heater or furnace. Now, I have met with 
cases where the worthies who were putting the wall pipes into the buildings 
not alone put in the worst style of starters-those of the kind shown by Fit 
35, A-but they did not even cut any holes into the stacks at all, at the bot- 
om ends of the various stacks, leaving this to be done by the unfortunate 
urnace man who had to make the connections with the furnace to the 

So L hSVT Si 0 h ?u 6Ver had *° d ° the CUtting out of these openings 

into double stacks after the stacks were put into their positions, and as 
sometimes it may have happened that not enough clearance had been 
allowed to properly fit in the required size of pipe, knows what a mean 
disagreeable job it is to do work of this kind. The foregoing hints will 

I SfTSS °\ W °I k n0t t0 da What t0 d0 i8 ~ U8e ^tter shapes than 
t Jlte 35 S Tu thlS purpose: alwa ys put in connecting collars into 
the starters and allow enough clearance for the proper fitting of the con- 

necing pipes A somewhat better shape than A of Fig. 35 is shown by the 
dotted lines of B, of the same figure. This modification of the starter is far 
etter to allow an easier flow of the entering volume of air, and, if a collar 
is put to it, it makes a good job in some cases. A favorite shape with many 
furnace men, for a starter, is shown by Fig. 36. A side view is given by 
the solid lines of a 10 x3i" starter, with a 9” collar for the round pipe in 
the cellar to enter the same. All the dimensions are given in figures This 
starter is made out of a sheet of 20"x28" tin for the back, sides and part of 

S'S or !? er -r e8 ’ f ° r Wid6r 8tarters > such as f or instance 

2 ft .the sides may be made somewhat narrower, as shown by 

the dotted lines. The foregoing starters as described are made so that the 
japes or angles enter at the s.de of the starters, and require no extra elbows 
to guide the flow of air upward. These starters are for positions where 
the stacks have a straight upward course. Another style, also intended for 
Stacks that run straight up, but have an elbow or turn attached at the hot 
tom, is shown by A Fig. 37. This starter is made flat and square at the 
bottom, large enough to admit the size collar it is intended to use for the 
same, while the top end is made according to the size required for the stack 
,t is intended to fit into. The sides may either be made straight, as A 
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shows, or they may be made with a curve, as B shows. Another shape is 
shown by 0, or the dotted lines of Fig. 37. This shape is often used where 



the circumstances demand a form of this kind. In cases where a partition 
comes above a timber or a cellar wall, a style as in Fig. 38 is used in many 
shops. A somewhat nicer shape is shown by the dotted lines. Both kinds 




answer the purpose fully. The end that enters the stack may be made to 
fit either style, square or oval, as demanded. Fig. 39 gives a side view of 
a rather clumsy-looking, box-like affair. The two collars are cleated on to 
the bottom and top. This kind is not often used, but may be made avail- 
able in some peculiar cases. Fig. 40 shows a favorite starter with most 
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fulfill the main requirements demanded for ^ adapted tbis sha P e is to 
flow of the warm air— notice how «mn fj perfect barter. First, the easy 

surface is. Then there are absolutely noTbrupufsndd^ ^ inSide Upper 
Wes. The shape of this starter admits of ^ dden tums and an- 

wall. There is no elbow required to connect ayiDg snu g n P against the 
pipe. In short, I would recommend this style to be d Cel,ar 

necessary to make a bend over a wall to m J + b Used where ver it is 
as described in the foregoing may be chans^T ° nt ° f Stack- Tbe start ers 
where they are to be put into as^ to the g d S ° 38 t0 SUlt the Positions 

si Z esofcoflarsasinleVo“uaeTsoHhe^ ^measurements of width, length 

nrements may be changed as the occasion a “ d 

- o. 

close up to a ceiling so as to obtain all fh • * u :U P ] P e ls to be run 
in a given place, a joint of^eZTe?ZT P ° Ssib ^ be «**»•* 
same as Fig. 41 gives an end vtow ot The clfi 7 PU ? ng a t66 011 to the 
lar or oval, as demanded. Thefartbprend ar °r tee may be rectangu- 

cap, as it may sometimes be desired to dean or f ^° Se ^ Up witb a removable 
pipei, to b,. s ,h. *£**>. “ » *<*•»•• »• *. of «, 




^ style ot starters lately mad 

shown by Figs. 42, 43 and 44 Th. a !''* "1“" “ lD0 ' clit8S ru ™ace houses 
* -4 if well “re “tier of . f.ney kiu 

»tarp nod sudden turns os owner, ■ JZ t , ° 0l ” e ' Tte ? W n 

any other kind of equal merit and T b T* 6 &S quick1 ^ md cheaply a 
ding on work and comparing them tith ofhe Tf* ? ^ Up ’ wbe “ bid 
reason why the last mentioned styles have nS 7 " • StarterS ’ Tbe cbi « 

^•“-stfu^o, Jentlri Lst,z; 8 „7r ™ 
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terns that are required for the proper laying out of these shapes; some 
have not the time, etc. In the following I will give a complete exposition 
how to lay out the patterns as required for these starters to that it will be 
an easy matter for any one to lay them out in short order. To lay out the 
shape as given by Fig. 36, take a sheet of 20"x28" tin; square the same to 
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deep swage or bead outward on the collar, at about a distance of r from the 
edge, then when the collar is put into the starter up to this bead the 4" 
part, which projects into the starter, is bent over, thus making the collar 



tinon^t) 84 t0 f 16 body of tbe starter - Another way is to rivet a strip of 

end of th ^ * he C ° Uar aft6r a *" ed g° has turned on to the 

i„ , th °® llar that 18 t0 set up against the starter. The collar projects 
2 ou and is notched so as to be easily bent over onto the inside of the 


rrri x i . wver uuio me msiae or vie 

starter when the collar is put onto the same. This last operation is com- 

only called cleating the eoUar to the starter. A mode that is to be 
voided and which 1 regard as a very poor way to do this operation, is 
sometimes done by indifferent workmen, and consists in their simply 
notching a collar all around on the end intended to be fastened to the • 
staiter, then bending out every other part between the notches at right an- 
gles from the collar; the remaining parts that have not been bent are pushed 
a n o the starter and bent over on the inside, while those parts that have 
not been bent outward beforehand are intended to keep the collar from slip- 
ping any farther into the starter. Taken altogether this method of doin» 
the operation is not what it should be, as the tin of which the; collar is 
made is never strong enough to withstand even a very slight jar or the strain 
which the weight of the pipe imposes on to the collar when the same is 
connected on to the starter. This cause alone in a short time draws the col- 
lar from its fastening. Then a tight fit can never be made with this meth- 
o y a v * ce is • Do not use this method under any consideration. It is 
understood that each starter is to have strips of tin riveted to some of 
its sides or ends for fasteners, each as are shown on Figs. 35, 86 or 
38. These strips are to be long enough so that they can be nailed to the 
surrounding woodwork where the starters go, so as to secure the starters 
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permanently in place. At the upper end of each starter slip-joints are 
to be put, such as the figures 35 or 36 show. A full description of the 
various slips as generally used has been given in Article X, from which 
the workman has his choice as to whatever kind he cares to use 

To lay out the patterns for the starters such as Fig. 43 gives an end 
view of by the dotted lines and a side view by the solid lines, the first 
step to take is to draw the plan of the round end as in the Fig. 46, part A. 
Then draw one-half of the rectangular end in the correct position it is in- 
tended it should be when the starter is finished. This is also shown in A 
of Fig. 46. One* half of the rectangular and also of the round end is 
shown. This is all that is necessary to lay out the required patterns. 
The semi-circle from 1 to 1' is the bottom end, and A, B, C and D is the 
rectangular end. Then draw the end elevation as part B of Fig. 46 
from to 1 to 1' and 1" to V " give, also the side elevation as 1 to 1' and C 
to C" give for this view. The foregoing is all plainly shown in Fig. 46, I 



will call this the outlines for the desired shape. It is not necessary to 
draw the two ends or collars, as they are not needed to lay out this shape. 

. The main difficulty with most workmen is to develop the required pattern 
for a rectangular to the round shape. To many, this may seem a very 
formidable problem, but in reality it is a far more easy undertaking than 
it appears at the first glance. In fact, it is nothing more than a simple 
problem to be solved by triangulation and is done in the following man- 
ner: Divide one-half of the semi- circle into any number of equal parts. 
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XeTlZ 8 ! 1 w VG ^ £ve Part3 as the numeraIs 1 *° 6 ^ow. 

Next draw a right angle as the lines A to B and A to C of Fig. 47 show 

ofthe heiiw A X G TJ be ^ ° 6qUal iu Iength t0 the di stance X to X : 

that thid 8 f ° -n u * S ' 46 ’ ° r ^ ° ther words ’ equal to the real height 

afso a thnf fi Mr y”T ^ ^ Point C * a “d the distance 

Iso, thus established between the same and A of Fig. 47 Take the 

o p°“ t0 ,L A :?j' ? m i ■” ri °* the ■““« oU t, ‘ b 

ITS establishing the point 1 of thi , lilre . 0oimeet fl 

, t0 Wlth P omfc 1 of lme A to B by the hne C to 1. This line is of the 
same length as the real length of the line from X to point C' of B, of Fig 

2 of H ^ th6 1 dl8t ( ance from P oillt A of part A of Fig. 46, to the point 
Le A to B^FW7 ^ “.f*™ a “ d mark off an equal distance on 
nect the i„t f “ sh ° W “ by point 2 <>* *• same line. Con- 

s f ~ A ? ** 4e >, to the *** - ** *2 Ji 

forZn ’ 4 ’ IZ 6 , ° be transferred iu precisely the same manner as the 

Pig 47 o^thTT aZ 'T traDsferred ' This is all shown plainly in 
?' , the line A to B, or base line. The connecting lines to the 

pomta from 1 to 6 are ,„u 7 , ho „ a „ w „ ouli 

A P to B e 0 f U Fig e 47 ma Th d a - th n P ? intS Wh6re they are conne cted wito line 
g* • This is all that is needed for the preliminary drawing 



to get the data necessary to lay out the pattern wanted. It would ner. 

aps, at this stage be well to caution the student that it is j mnArfl « P , 
necessary that all the foregoing steps be done correctly and exactly as well 
as thefollowmg to assure a correct pattern when the drawing to finished 
Slipshod or careless work wont do at all in operations of this Ld. 

to the ^- 48 .^ual in length, 

the side of the rectangular end of the part bTfJ. 46 ^ Next draw tht 
£ne 0 D from point C to D at right angles to line A to B "f F Tg 48 
The point 0 is equal distance from both points A or B, or the center of 
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line A to B of Pig. 48. The line C to D is to be equal in length to the 
line 1 to 1" of part B, of Fig. 46. This line shows the true length of the 
side of the pattern and must have the true length in the same as it has 
from point 0 to point D of Fig. 48. Next connect the point D with B by 
a line equal in length to line 0 to 1 of Fig. 47 ; do the same with points D 
and A of Fig. 48. This develops the triangular part from A to B and D 



of Fig. 48, and is that part of one of the sides which is a flat surface or 
a flat plane. Now take the distance of one of the spaces as found on the 
semi -circle of Fig. 46, and mark off an arc equal in distance from the 
point D of Fig. 48, as is shown at 2 of Fig. 48. Then take the distance 
of the length of line C to 2 of Fig. 47, and from point A of Fig. 48 to 
where this distance intersects the arc as developed from point D, the point 
2 is established. Do the same on the other side from B to point 2 • The 
distance to points 8 and 3' on either side from points 2 and 2 is the same 
as from D to 2 or 2' of Fig. 48. Then the distance from A to 3 is the 
same as from point C to 3 of Fig. 47. The same is the case with the dis- 
tance from point B to 3' of Fig. 48. A similar operation is to be done 
in regard to establishing the positions of all the other points from 3 to 6 
and from 3' to 6' of Fig. 48. Tbe length and distances from the various 
lines connecting points A and B of Fig. 48 to the respective points from 8 
to 6 and 8' to 6' of Fig. 48, are all plainly shown by Fig. 47, and are to be 
drawn in th^ same manner as the preceding lines. 

The space contained between 1"', X' and X of Fig. 46 is to be drawn 
into its proper position in Fig. 48. First take the distance from X to X 
of Fig. 46; set the dividers at point 6 of Fig. 48, and draw the arc which 
will cut the point F; then take the distance from X' to V" of Fig. 46. 
Bet the dividers at A of Fig. 48 and cut the areas found, where the last 
found distance or length intersects the arc the point F of Fig. 48 is estab- 
lished. Connect points A, F and 6 by lines A to F and F to 6; do the 
same at the other end of the pattern. This completes one-half of the en- 
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tire pattern. Connect the points D to 6 and D to 6' by a free band line 
As both sides of the shapes demanded for this starter are alike, the pattern 

m 7 t0 ^ du P ,icated and entire pattern is obtained. 
All locks and double seams are to be allowed for, extra, as the pattern as 

p r r* " dado ,his ite “- d *“ “« «»« ir.wJT™ ,h“ 

pattern as the Fig. 48 gives and when the same is formed to shape as de- 
manded.the lines will appear on the end as given by the dotted lines 

of part B of Fig. 46, from 1 toXto 1"', and on the side they will appear 
as the lines from Xto 1' and C' give. ^ PP 

The development of the pattern for a shape as Fig. 43 as plan and 44 
as elevation call for, is done in a somewhat similar manner tothe forego 
mg The only difference consists in the modification and the adaptation of 

h! Dll aDd tIlG m ° de ° f deveI °P in g the desired patterns to 

the alt red shapes presented. The first step is to draw the plan 0 f the top 

and bottom end of the desired shape as Fig. 49 shows. Divide the semi 

A* 



A 

Fig. 49 

circle into two sets of equal parts ai shown. From point A connect these 
points as shown for one set as from 1 to 6. Do the same for the set num- 
bers two as from B to 1' to 6'. Then construct two sets of triangles as Fig. 

for set number one and Fig. 51 for set number two give. Make the dis- 
tance from A' to X of Fig. 50 and the distanco from B' to X' of Fi<r 51 
equal to the vertical height, as from A' to A" of the Fig 49 The °liic 
lines from A to points 1 to 6 of Fig. 49 are the distances on line X to 6 of 
Pig. 50, and are the set of lines numbered 1. Point A as connected by the 
lines as shown with the points 1 to 6 of Fig. 50, gives the lengths of the 
distances that are used to develop the front part of the pattern of this part 
of the starter. The distances from the point B to the points 6' to 1 ' of Fig. 
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49, are the distances from point X' to 1 of Fig. 51, and are the lengths of 
the base lines for the respective numbers to the point X' of Fig. 51. This 
set of connected lines is the set number two, and are the lengths used to 



develop the back part of the pattern for this starter. After all the data has 
been ob f ained that is necessary to develop the required patterns, in the 



the entire operation for this case would be almost identically what has been 
done before for the Fig. 48. This being the case I will omit a detailed de- 
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lines H toE and G to F d’ve he f A “ °£ ter ° f the ends ’ as the solid 
ofi the parts on the L^l , « oTthe^T”* SiT ^ ^ 
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kind used^by furnace 8 * men^g^ "54°^ !u ^ are the 

single register box need w!,l» . in , 54 “ tbe “mmon first fioor 

zttsrz £*,•*•/ b “ r 0 

on (to floor or i»L the ■£,” “ th “ 

cut in the floor. The surrounding woodwork is 1 ned w tl T 

ter of course, to secure safety from over-heating. This is It’Zl it 



safe a way as when a border Jused’ The " 8 ' 11 1 ** T™™ “ 0t neM ^ 80 
* • • US6d - The 8!ze t0 make the register boxes 


for any size register is one- Quarter nf 8 ? e , make tlle re S 5ster boxes 
size of the register as given in the lists l th^ b<>th WayS thau the 

border is used For ifZ “ for a ,n~ — cturers; thatis.ifno 

the proper size, or for a 12"xl5" register a ^ 10 *'.' x14 *" ia 

x^ibier a J ^ xl 5 ± box is required. All 
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the boxes of this kind are to have a flange at their top turned outward 
so as to rest on the floor; the register is then simply set into the tia box 
with its flanges resting on to those of the register box, and both on to the 
floor at the edges of the opening for the same. 

The box, Fig. 54, is the cheapest and easiest style made and is mostly 
used for first floors where the basement, cellar, or furnace room below have 
a lath and plaster ceiling. I may also add that they are used by many fur- 
nace men where the room below has no ceiling at all, but the flooring of the 
rooms above. It will be observed that the collar of this style of register 
box must be made sufficiently long to come down far enough to admit thj 
proper joining and fitting of the elbows into the same under the joists of 
the floor. The collar should be made large enough to be a nice, snug and 
easy fit for the elbow or angle that is to join into it. When a border is 
used with a register, a better job is done than when no border is used in 
work of this kind. The measures of the boxes are to.be suited to fit into 
the opening of the border. These openings vary considerably in the differ- 
ent sizes of borders. The following list gives some of the most generally 
used sizes; the larger sizes may be measured from the frames or borders as 
used, they not being used so frequently I have omitted them in this list. 
For a frame which goes with a 6"x8" register the box has to be made at its 
upper end 6^ x8}g ' on the outside so as to fit nicely into the frame or bor- 
der. A flange is to be turned outward for the register box to rest into 
the recess of the border. 


SIZES TO MAKE REGISTER BOXES TO FIT INTO THE BORDERS. 

List No. 1. 


Size of Registers as Given in the Lists. 


Sizes to Make the Register Boxes. 
Measured Outside Under the Flange. 


6 x 8 
6 “ 9 
6 “ 10 
6“ 14 
6“ 16 
6‘* 18 
7“ 10 
8 “ 8 
8 “ 10 
8 “ 12 
9 “ 12 
9“ 14 
10 ‘ 12 
10 “ 14 
10 “ 16 
12 “ 15 
12 M 19 
14 “ 22 


7" 

6 V 

7" 

6V 

6V' 

7" 

8v; 

8V 
8%" 
9% 
9V' 
10 15-16" 
11 " 
11 V' 
12 11-16" 
13 3s" 
14 15-16" 


x 8 11-16" 
“ 834" 
‘ 11 " 
“145Q" 

“ 162 £" 
“18 15 - 16 " 
:: io&" 


io V 
12 &" 

12 13-16" 
14V' 

13" 

15" 

' 17 " 

1 15%" 

1 19V' 

22 11-16" 


The list as given has been taken from a prominent manufacturer’s line 
of borders. There may be a slight variation from this list in the sizes of 
frames or borders as sold by different firms In the trade; if any differences 
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occur from the sizes given, allowance must be made in th* 
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into the groove cut into the floor. C C' shows the collars of both the large 
and smaller register boxes. Fig. 56 shows different ways of fastening the 
collars into the openings in the bottoms or sides of register boxes. A 
shows the most common way. A strip is riveted on the outside of the col- 
lar; a edge is first turned on one end of this strip, and it is then slipped 
over the collar and down far enough, so that the collar proiects §■" to b" 
beyond the edge turned on the strip. This projecting part of the collar ^is 
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Fig.56 

then notched and slipped into the opening for it, and turned over, A 
shows how it looks when finished in position, and also gives a view for a 
collar ^hich slips over the outside of the connecting joint or elbow. B 
shows how a collar is arranged when it is intended to slip into the connect- 
ing piece of pipe. 0 shows a style used by some furnace workers to fasten 
the collars. C' is the bottom of the register box. D shows still another 
mode. E and F show how to double seam a collar on to a bottom. E' and 
F' are the bottom of the box while E and F are one side of the collar. Fig. 
56 shows so clearly these various modes to accomplish the desired results 
that no further explanation in regard to these fastenings are needed to 
make them understood. 



To cut the patterns for the style of register box shown by Fig. 54, one 
way is to make the sides and ends out of separate pieces as in Fig. 57, A 
for the shorter or end pieces, and B for the long or side pieces. Allow for 
all four pieces of each box one-half inch flange at its top edge; on the bot- 
toms for the straight outward turn. The same at the ends of the 
smaller end pieces, while at the ends of the long or side pieces allow j-' or 
enough for an outside double seam. A' and A" shows how the edges are 
to be turned for the ends and B' shows how the end locks of the sides are 
to be turned. The bottom is to be double-seamed to the side and end 
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pieces after they are joined in their proper shape. In laying out these pat- 
terns they should be cut so that when the boxes are completed they taper 
somewhat from the top end toward the bottom. This is plainly shown 
in the figures. Another way, and at the s ime time a cheaper one, to 
make these boxes is shown by Fig. 58. In this figure a sheet of 20"x28" 
tm „ 18 ® hown - Tbe ful1 measurements and data for the pattern of a 
10"xl4" register box are given. The corners are to be lapped as shown 
by the dotted lines. Mark off the box to whatever size it is wanted; if a 
larger size is denied than can be cut out of one single sheet, as for a 
12 xl5 , add a piece to the same, or put an extra end or side in the box 
When the pattern or the shape is cut, the lap for the comers allowed and 
the flange is turned for the upper flange, the sides and ends may be 
turned to shape as wanted; then turn the corner laps and fasten them by 
three or four 10 oz. rivets for each lap at each corner. This method makes 
an easy, cheap and good enough register box for almost any job. Many 
furnace men use no other style of register boxes for ordinary work. It is 
understood that the furnace man will have to make his measurements for 
patterns conform to whatever size register or frame he wants his box to 
fit. The solid line circle and also the dotted oval in the bottom of the 
register box of Fig. 53, show a 9" round and a 10" oval opening for the 
collars; either can be used for this size box as the occasion demands. The 
larger collar can be made to fit by making its shape slightly oval, as is 

oh ATTTVt in Ai tTO ** 


shown in Fig. 58, 


The following table gives the sizes (o make the boxes which are to fit 
into the floor openings around the outside borders, as at 0, 0, Fig. 55. 


List No. 2 , 


Sizes that Designate the Borders that Fit 
the Registers as Given in the 
Lists. 



6 X 



10 

14 

16 


10 


10 “ 12 

“ “ 1 A 


14 


“ ‘ 19 

14 “ 22 


In the foregoing list I have only given the sizes that are most used in 
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ordinary practice. This list also corresponds to the one given for the 
sizes of register boxes that are for the inside connections. It is also for 
outside boxes when double connections are made. The holes in the floor 
may be cut a trifle larger than the sizes given for the register boxes. 



Fig. 59 gives a style of register box made for occasions when it is 
necessary to get the inlet as high as it possibly can.be made. This is 
sometimes done to get greater elevation for the hot air pipe leading to the 
inlet. In case the ceiling of the cellar is plastered it is of no particular 
advantage to use this style of box in preference to the shallower kiud 
shown in Fig. 54. But in case there is no plaster ceiling in the cellar, 



that is, the floor above the joists serving as the ceiling for the cellar, base- 
ment or furnace room, this register box, Fig. 59, can be used to advantage 
by making the connection in the same from either one of the ends or in 
the sides. I have, at times, used a deep box of this kind where it was de- 
sirable to keep a pan, or some contrivance which would hold water, sus- 
pended in the same in order that if the air discharged from the furnace 
was too dry or hot the water contained in the pan would impart the de- 
sired degree of moisture to the air of the room as demanded for the pur- 
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In connection with this subject it may be well to describe the opening 
in the plastered ceiling of the cellar through which the hot air passes to 
connect with the register box collar, and also how to protect it so as to ren- 
der it safe from over-heating. When a house is being built, and before the 
lathers have done the ceilings of the basement or cellar, find the locations 
where the registers are to be placed in the rooms above. In the center of 
these positions (or where you are going to locate the collars in the register 
boxes) directly underneath the floor joists, nail or fasten in position the 
ceiling rings, or, as some term them, plaster collars. Fig, 62 shows what 
is meant. These plaster collars are made, for new work, about 1^" wide 
and §" larger in diameter than the pipe or elbow (which is intended to 
supply the register above) which passes through the collar into the regis- 
ter. Straps [are riveted to each side of the plaster ring and nailed to the 
joists, as in Fig. 62. 



Fig.62 


After the plaster collars or rings are put in position the lather 
can nail the laths in their proper places and the plasterer may finish 
around the ceiling ring. In case the ceiling has been plastered and fin- 
ished before the holes for the pipes or collars have been cut, as would be 
the case in an old building, I would recommend that the hole be cut as 
near the size and shape desired as the skill and ability of the workman can 
accomplish. Make it a point to do as good work as you are able to do. 
Then put a band about 2J" wide on which a collar, say from 2" to 3" wide, 
has been secured, as in Fig. 62, in position. Have the top .end notched 
down so that this end can be cleated down far enough on the laths to 
draw the collar up firmly against the plaster underneath. This makes a 
fine-appearing finish around the pipe which enters through this style of 
plaster collar or ring. A and B are the collar for a finished ceiling and X, 
X are styles of flanges that may be used for this purpose. J, J are th e 
joists; L and P are the laths and plaster. Fig. 63 shows a well designed 
shape of register box with the collar at one end. This style of box 
is often used for first floor registers when the conditions are favorable for 
such a shape to be used although it is more properly a second or upper floor 
register box. This shape is mostly used on these floors when a deep box 
is demanded. The end opposite the collar, it will be noticed, is cut off or 
made in such a shape as to give the entering warm air an upward turn 
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toward the register outlet. The wire netting placed on the inside of this 
register box serves to hold a vapor pan as has been described in connection 
with the box, Pig. 59. Tbis shape for a deep register box is a very good 
one. Fig. 64 gives a box of the same general design as Fig. 63 with the 




___ Fig. 64 

Fig. 65 is about as good a shape as could be designed for a register 
box for an upper floor connection. The design shows every point so plainly 
that no detailed description is necessary. Fig. 66 is another style used to 



some extent by furnace men ; this shape does well enough in some cases, 
but I would not recommend it for general use. 

It will be observed that three flanges of the top end of this box are 
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turned straight upward. In some cases where connections with a round 
pipe are made under the floor it is very convenient to have the flanges so 
arranged that the box can be let down through the opening cut in the floor 
and the connection made with the lateral pipe and the register box collar 
between the floor and the lath and plaster ceiling of the room below. When 
the connection is made the box may be drawn up into place and the 
flanges then turned down on to the floor into their proper place. 



Fig. 67 gives a view shewing how the connections are arranged under- 
neath the floor to a register on one side of a stack as shown in Fig. 67, the 
stack at the same time having another outlet on its opposite side leading to 
another register in a different room. It will be seen that the stack has a 
division plate in its center, so as to divide the air equally that each regis- 
ter may get an equal share of the ascending heat. Make the dividing plate 
downward in the stick at least three or more feet long. The connecting col- 
lars are shown cleated into the stack. At the end A, of Fig. 67, or the hori- 
zontal rectangular connecting pipe, is shown a method used when on regu- 
lar register box is used to provide an outlet for the register to fit into. A 



four-sided, rectangular shaped collar or piece of pipe of the required size to 
fit the register is made; this is turned over on to the frame or floor, as the 
case may be, and its lower end is cleated into the horizontal connection, as 
shown in the Fig. 67. It often occurs that a stack connects directly into 
the bottom of a register box. In a case of this kind, mike a collar to fit 



66 


PIPE DAMPERS. 


snugly over the stack and cleat the top end of the stack firmly to the bot- 
tom of the register box. This tends to making a good, solid job, and also 
helps the appearance of the joint a great deal, more than if the same had 
only been slipped into the collar of the register box and left in this condi- 
tion The dotted lines in Figs. 54 and 59 on their respective bottoms 
snow how the same would appear if the stack entered either one of them at 


that place. 


XIV. 


PIPE DAMPENS AfiD DI*flFT f?EGUUATORS. 

Of dampers and draft regulators there are a great many different 
styles and kinds used in furnace work. I will give a description of the 
kinds generally m demand, the various purposes they are best suited for 
and also how they are made. In connection with this the necessary tools 
to make these dampers will also be given. Fig. 68 thows a hot air pipe 



Fig. 68 


damper. This style is used more than any other, being a favorite with 
most furnace men. The reasons for this are : They are cheap, easily made 
and stronger than most other styles used for the sizes of hot air pipes be- 
low 12". For larger sizes the material and also the general construction 
of the dampers should be stronger and heavier. For dampers of any size 
that are to be used for the purpose of shutting off the flow of air through 
hot air pipes it is imperative that they are made so that they fit well, that 
is, that they really do the woik they are intended and designed for, namely, 
completely stop the flow of air through the pipes into which they are 
placed. If a damper disk is cut too small or even if the same fits some- 
what loosely, it is obvious that it cannot efficiently fulfill its purpose. I 
have seen dampers placed in hot air pipes that fitted so loosely that even 
after they were turned or closed the diminution of the flow was very little. 


— 
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In fact it would have been better if the damper had not been placed in the 
pipes at all as far as their practical value was concerned. About the only 
reason why a damper is put into a hot air pipe is to cut off the flow com- 
pletely, it being very seldom desired to only partially cut off the supply in 
the smaller sizes of pipes. For this reason a good, snug fit is necessary to 



obtain the desired results. Make the disk of the damper so that the same 
exactly fits into the inside of the pipe it is intended for, thus assuring a 
good job It is the custom in some shops to make the dampers a little 
larger than the pipes are on the inside. When the dampers that are made in 
this way are put into the pipes they spread the same to some extent; then 



when the damper is turned too close, or to shut off the flow of air through 
the pipe it has a tendency to force the shape of the pipe from round to 
oval. It is true that this mode closes up the pipe, but it takes considerable 
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force to squeeze the damper into position to accomplish this. The above 
mode I consider a very poor substitute for a damper that could have been 
made correctly if the proper way had been followed in the first place. 

Having shown what and how dampers for hot air pipes should be, I 
will give a detailed description of the dampers as shown by Figs. 68 to 78. 
The first consideration when dampers for hot air pipes are made is to se- 
lect a suitable material from which to make them, tfhis depends in a 
measure upon the size required, the purpose and the location in which it is 
intended to use them. 

It is the custom in some shops to use almost any old scrap iron or 
even pieces of tin for the disks of the dampers. Frequently the pieces are 
not large enough to make a whole disk; this makes it necessary to join or 
rivet a piece or two to it. This practice is allowable if ne itly done, but it 
should never be done where it is the point to save time in making and get- 
ting out work of this kind. The best mode is to use a whole pie?e for the 
disk of any sized damper. Make it for the smaller sizes, below 12" or 14", 
of 26 gauge iron; for larger sizes, of 24 to 22 gauge. This makes this part 
of a damper as it should be, namely, strong enough to do the work de- 
manded of it. If the disks are made of lighter material than as given above 
there is always danger of buckling and bending out of sh <pe when in use. 
A damper, as Fig. 68 shows, consists of the following parts : A is the disk; 
B is the strip which fastens and holds the rod firmly to the disk; Ois a 
stop riveted to the disk as shown. This stop is bmt at right angles to the 
disk at D. The position it assumes is shown by C' in the side elevation of 
Fig. 68. The strip B is riveted to the disk with six or more rivets in the 
manner as shown. In leng h it would be well to make the same as the 
measurements give in Fig. 68. The strip C is to be made in length long 
enough so that the damper when open cannot be turned any farther in the 
direction from which it has been opened, than the center, or wide open. 

Having described the parts which constitute a damper, that is, all but 
the handle, I will next describe how the different parts are made and 
also some special tools for this purpose. The first operation is to get out 
the disk; this done, the handle or rod may be made. Rods or handles for 
dampers, up to 16" in diameter, are generally made of square rods; for 
larger size dampers, f " up to square rods are the proper sizes to’ use. 
When the rods for the smaller sized pipe* are made the proper length to 
cut them depends upon what kind of shaped handle it is desired to have at 
the end of the rod. I will assume a handle or rod is wanted for a 10" 
damper. Out the rod, if a round ended handle is wanted, 161" i 0Q g. 
gives 1" for the straight end outside of the pipe, 10" for the damper and 
for the handle end, or the end where the eye or ring is turned. These 
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measurements are fully shown ab A of Fig. 69. If an oval shaped handle 
is desired, the length is to be 7J" instead of 5^" as for the round one, mak- 
ing the entire length to cub the rod 18£" for this style. To form the eye 
to shape, if this is done by hand, see B of Fig. 69. Make the bend at 1. 
Then commence to form the eye as the shape at 2 to 3 and fina ly at 4, the 
completed eye, shows. It is always well to heat the rod before turning the 
eye, as this makes it an easy operation. * It is the custom of some furnace 
men to do the turning of the eye when the material is cold; this, as will be 
readily understood, is a very uncertain and laborious way of attaining the 
desired result. There is always more or less danger of breaking the rod 
when the same is hammered too much wh le bending it when cold. I 
would advise heating the rod and never attempting to bend one while cold. 



Figs. 70 and 71 show two views of a handy tool to bend the eyes or 
round handles on damper rods. Fig. 70 gives a sectional view, one-half of 
the actual idze that this tool is to be made. The part A and A' is to be 
made of one solid piece. The part A' is to be made roun l down to the line 
A"; then the projection A'" outward is t:> be made as shown, to support 
the other parts of the tool. This part is to extend outward all around. The 
part A may be made square, so that the tool may be fastened in between 
the jaws of a vise when using the tool. The part B, B is a disk made to 
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size as the drawing calls for, with a handle about 10" or 12" long, firmlv 
attached to it as B' shows. This disk B, B has a hole cut out of its’center, 
the same size or large enough so that it fits over the part A' and when in 
position rests on the ledge or projection A"', as in Pig. 70. Another disk 
as given by 0, C. is riveted to disk B, B ; the hole out of the center of disk 
0, C is to be as large as the drawing shows. This disk is to have two pro- 
jections as shown in the plan, Fig. 71, at A and B, and at D, of Pi 70 
for elevation. At S' a piece of steel square is fastened as shown by S,’ 
b , b for elevation. This piece of square rod is to be shaped and is to run 
through part A' as in both Figures 70 and 71. This holds the disk A down 
in its proper place and at the same time supplies the projection K of Fig. 
70 and K' of Fig. 71. The foregoing gives all the parts for this tool. It 
is to be borne in mind that the drawings are only one-half size of the actual 
tool described and represented by them. The operation of bending 
the eye by a tool of this kind is set forth in the Fig. 71. The rod C is 
shown in the position when first placed in the tool. The arrow marks the 
direction the disk is turned around in until the rod is bent to the position it 
has at C". The operation of bending the rod so that the eye comes in to 
the position it is to have when the haadle is done is shown at O'" Bend 
the handle or turn the disk in the direction the arrow B directs until the 
desired shape is obt lined. K to O'" illustrates how the eye is to be placed 
on the tool so that the Jast described operation can be performed. It is 
best when bending the eyes with a tool of this kind to heat the rods to a 
red heat so that a good job can be done. The tool, or, as some name it 
the bending machine, is one of the simplest kind made for this purpose. It 
does the work easily, quickly and perfectly, and is as cheap and durable a 
machine as could be conceived of this class. Fig. 69 also gives the end 
views of a die and plunger used to bend to shape the strips used to hold the 
damper rods to the damper disks, as B of Fig. 68. The measurements to 
make the die and plunger are to be according to the size rods which are 
used. If i" rods are to be used the groove in the die is to be A‘" deep and 
Of the same width. The plunger is to be wide and deep, the same as 
the rod it is intended to bend the strip for. D and P only give an end 
view; the length of this tool may be made as best suits the person who will 
use it. E gives a view of a piece of iron laid on the face of the die ready to 
be formed in shape as demanded for a strip of this kind. Another way 
used by some workmen is to form these strips by using the jaws of a vise 
for a die. The vise is opened to whatever distance it may be necessary, so 
that the jaws are the right distance apart to form the strip correctly. The 
flat piece of iron is laid flat on the jaws and a piece of rod is laid on the 
strip directly over the opening of the vise. The piece of rod is then ham- 
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mered down so that it is flush with the top of the jaws of the vise with its 
top side, while the two vertical sides and the bottom are enveloped by the 
shape of the strip just formed. The above method is used by many furnace 
men for want of a better way. The plunger P is also driven down by a 
hammer or, a better way, by a wooden maul. 



Fig. 72 shows a handy style of fastening for the smaller sizes of hot 
air pipe dampers. A is the disk, D is the stop or check, B aud 0 are the 
handle and the opposite fastening. These trimmings are sold by supply 
houses almost all over the country. They are made of malleable iron and 
are cheap though not as strong and stiff as # the handle of Fig. 69. They 
are used by many furnace men for dampers. One point that the workman 
should be particularly careful about is to be sure when putting dampers 
into hot air p’pes to have them in even and true in the center, so that when 
they are turned to close off the flow of air they do so completely. It is 
readily seen that unless dampers are put into pipes as described they cannot 
possibly do the work satisfactorily. 

Fig. 78 shows a mode used' for a damper in a large size pipe. The 
shape of the handle of the rod is given at A. At B an end view of a gauge 
to regulate the damper is given. A side view of the gauge is shown by D. 
This gauge is fastened to the side of the pipe above the hole through which 
the damper turns ; holes are made into the gauge and by the peculiar shape 
of the end of the handle one is enabled to push this end into these holes 
in the gauge, thereby regulating or setting the damper at any angle as may 
be desired. It is advisable to place strengthening plates at the points 
where the rod passes through' the pipes, as shown at E. I may also add that 
it is good policy to provide every rod of the kinds j described with a thread 
and nut as shown in the drawings. 

The foregoing arrangements of rods for the dampers as described are 
all made so that it is necessary to turn the same downstairs % or in the fur- 
nace room. The Figs. 74 and 75 show a damper and regulator so arranged 
that the turning and regulating may be done upstairs or in any of the 
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rooms above. The Fig. 74 shows a damper in a large pipe. It will fee no- 
ticed that the rod is straight throughout its entire length. A handle, as 
the drawing shows, is to be fixed firmly to the end, a counter balance or 




weight is to be placed and so arranged that it either closes or opens the 
damper as the workman se s fit to determine. In this case I will assume 
that the weight is so arranged that it opens the damper at all times if no 



counter-check prevents it from doing so. Now in order to close the dam- 
per from upstairs an arrangement is made by a chain and pulley attached 
to the end of the damper handle, as in the drawing, so that if the chain is 
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drawn up it will close the damper. Fig. 75 shows one of the neatest 
and at the same time most serviceable damper regulators made. This 
appliance consists of a rod, as A gives, provided at its upper end 
wi h a fancy knob to draw the rod up or to push it down as 
described. B is a guide post screwed into the baseboard. C is 
another guide-post, but is at the same time provided with a set screw 
so that the rod cm be fastened or set at any desirable height or position 
the damper, which the rod controls, is to be set at. At X is shown a pul- 



ley on which the chain attached to the lower end of the rod runs. These 
rods and trimmings are generally made of brass ; some are nickel-plated, or 
even silver or gold-plated as may suit the ideas of purchasers. The letters 
B, B shows the baseboard; J is the joist; S is the studdiig; Lare the laths 
and P is the plaster. These rods may be attached to almost any kind of 
a damper used in furnace work end at the same time may be at any dis- 
tance away from the damper that they operate. 

Of smoke pipe dampers, the kind most commonly us^d is shown by Fig. 
76. This damper is made similar in its general design to the hot air pipe dam- 
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per, as in Fig. 68, with the difference that in all its particulars it is heavier 
and stronger and also that in every case where a damper of this style is 
used a 2" hole should be cut out of the center part of the disk. This fig- 
ure shows a somewhat different style of fastening for the rod. The style as 
shown may be used if it is preferred by the furnace- man. Figs. 77 and 78 
show two views of a simple check. This arrangement consists of a number 
of slots being cut out of a straight piece of pipe. These may be about 6" 
or 7" long and about 1" wide. This is for the inner part; the outside part 
is to have the same number of openings, and is to fit nicely over the inner 
part, allowing the outside part or cover to slide back and forth easily Fi<* 
78 shows the damper closed. The lug may be so arranged that the damped 
can be regulated by a chain from up stairs. r 



In making this check it would be well to first get the two parts ready 
to be put together, then swage the bead C or D as preferred, slip the outer 
part over the slotted part of the inner piece and then swage the other bead 
as shown. This secures the outer part from coming off from the check. 
Suitable stops are to be provided so that the outer part cannot turn any 
far the v than is necessary for the proper working of this check or damper. 
The check can also be made so that it can be operated from up- stairs by a 
chain if suitable counter weights are attached to the sliding or outside part of 
the same. Fig. 79 shows another style of check for the same purpose as Fig. 
77. The broken end is made long enough to fit on the smoke collar of the 
furnace, the part B is a tee attached to the straight pipe and is the smoke 
outlet for this check. Part A is made solid its entire length, which is 
s own from A to C. The part D is a perforated sleeve which fits into A 
and has a solid cap provided with a handle at D. When the part D, D' is 
drawn out from part A the cold air rushes in the smoke pipe, thus checking 
the draft to the extent of whatever length the part D, D' is drawn out. 
The holes cut out of part D, D' may be from to 1" in area. This style 
as described is one of the simplest and cheapest checks made, and is also a 
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very good one for the purpose. Fig 80 shows a. check with a castiion end 
piece, as A, A' gives; this is secured to the straight piece by rivets or bolts, 
and the cover as shown is operated from the upper floors by the regulator 
with chain and pulley. I have also shown a damper placed into the tee. 
This damper is of the style shown by Fig. 76. 

It sometimes occurs that a furnace is set in such a position that it is 
impossible to use a check straight out as the style Fig. 80 would be. If a case 
should occur that it would be necessary to put the check out from the aide, 
as the circle B of Fig. 80 indicates, it would become necessary to make two 
tee junctions at this place and a cap would have to be made to close up the 
end at A'. Fig. 81 shows the view that the two tee pieces and the end 




would present if the check were placed on the side. In order to get the 
patterns for the pieces wanted, draw the view, Fig. 81, to the full size re- 
quired. Above the line A, A draw the semi-circle B; divide this into any 
number of equal parts as may be desired. In this case I have divided it 
into eight equal parts. Drop from these points as found the lines 1 to 9, as 
shown, to the circle D. Draw the line X to X' at right angles to the num- 
bered lines. This gives the data from which to lay out the pattern, as Fig. 
82 shows. To lay out the pattern make the distance from 1 to 2 equal in 
length to the circumference of the pipe as desired. Make the d stance be- 



tween the lines 2' and 4 equal to the distance between the lines 3' and 4' of 
Fig. 81. Next divide the line 2' into twice the number of equal parts the 
semi- circle of Fig. 81 is divided into. The distances contained between the 
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space bounded by the line X to X' and the curve of the circle D, of Fig. 81, 
are to be transferred to their respective corresponding lines of Fig. 82. The 
distances thus fouod and transferred give the outline of the miter joint of 
the required patterns as is shown in Fig. 82. The above description merely 
gives the oui lines of the pattern; as both the connections are alike, one pat* 
tern does for both. All locks and laps are to be allowed for these parts. 
Checks of this kind are generally made of iron not lighter than 22 gauge. 



Fig. 88 shows a method whertby to arrange a damper in a square 
pipe, in case the stack or pipe is to supply two rooms, one above the other. 
The damper is generally placed in the pipe immediately above the register 
which supplies the lower room with warm air. The damper in cases of 
this kind should fit snugly against the sides of the inside pipe. The rod 
may have a disk (which has suitable o L enings provided for regulating and 
setting the damper) to work in as is shown by the side view of Fig. 83. 

The piece A attached to the rod as shown fits in the openings of the disk, 
which is fastened against the wall, thus permitting air which passes through 
the pipe to be regulated at will. 

Fig. 84 illustrates how to arrange a damper for two pipes that are 
supplied by one pipe only. It often occurs that two rooms on an upper 
floor could be supplied as indicated in the above, particularly if only one 
room is to be used at a time. The arrangement is so clearly shown in the 
drawing that no further description for th ; s figure is deemed necessary. 

Having described some of the leading kinds of the ordinary styles of 
dampers used in furnace work throughout the country, I will give a brief 
description of what are called automatic, electrical heat governors, draft 
regulators, etc , or in short, dampers used for the same purposes as those 
described in the beginning of this article. That there is a difference in 
these latter nppliances from those that are ordinarily made by furnace men 
becomes at once apparent to the would* be- purchaser and user of one of 
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these appliances for the ends sought. This difference is in their enormous 
first cost as compared with the ordinary styles in general use. This item 
of first cost is of course the main reason why these systems will not be used 
to the same extent for hot-air heating apparatus of moderate cost, as they 
are for the higher priced hot water or steam heating plants. These 
latter systems in dwelling-houses may require some such arrangement as 
the numerous automatic and electric heat and pressure regulators promise 
to give to the users of these plants; namely, a more assured feeling of safety 
from the real or imaginary dangers of overheating, or too much pressure in 
the boilers of their heating apparatus. 



One of the cheapest automatic appliances to regulate the heat supply 
of a furnace I will describe. The arrangement consists of a hollow brass 
tube, inside of which an iron rod is fastened so that when the heat becomes 
of a higher degree in the air-chamber of the furnace than i* desired, the iron 
rod pushes against a lever, which in turn lowers or raises a damper 



in the smoke pipe of the furnace, thus causing the fire in the furnace to be 
checked if the same is too great, and also, if the furnace becomes too cool, 
the bar by reason of its getting cooler and contracting, allows the lever that 
caused the dimper to open, now causes it to close. This, as a consequence, 
causes the fire to burn or have more draft. It is plain to be seen that the 
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operation provides a good method to prevent the furnace from over-heating, 
but at the same time, it cannot be of any service in case the furnace becomes' 
too cold or the fire becomes too low. This, by reason that it closes the 
damper whenever the rod is at a Jower temperature than it is set at to open 
it. The foregoing simply demonstrates the fact that as a preventive meas- 
ure to avoid the over-heating of a furnace such an appliance may do well 
enough, but for th9 purpose of giving the occupants of the rooms above the 
furnace room any warning that the fire is getting too low in the furnace, its 
efficiency is prac‘ically nil. 




A brief description of the more costly kinds of temperature regulators 
may not be out of place here. The first point that nearly all manufacturers 
of appliances of this class claim is that they have the best and only perfect- 
working arrangement for tbe purpose that is made. This ass rtion is 
seemingly backed up by the high prices charged for these devices. To illus- 
trate: In an estimate furnished for the fitting up of a house with a complete 
system of < lectrical regulators for a furnace and the pipes of a house the 
cost was estimated at $275.00, while the furnace, piping and all tbe parts 
and pieces appertaining to the furnace proper, complete, cost in the first 
place only $185.00. This would have been a rather costly set of dampers, 
and it is needless to say that in this instance they were not put into the 
house. The owner, although realizing the many good points of this kind 
of an apparatus, could not quite see where he could get $275.00 worth of 
benefit out of the same, and mainly for that reason did not have one put 
into his building. I may remark in connection with this subject that there 
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is a good field for some manufacturer to get up a low-priced apparatus, as 
indicated in the foregoing, which must be simple in all its parts, and also 
reliable as to the performance of the work demanded of it. 

Some manufacturers of these appliances sell automatic electric damper 
controllers, while others depend upon the regular winding of clocks to insure 
their steady working at all times. Some of these latter kinds, if the tempera- 
ture should fall below a certain desired degree, or if the same should rise 
above the degree that the indicating thermostat is set at, ring an alarm- 
bell and at the same time open or close the dampers, as the case may be. 

The general working of an automatic electrical apparatus may be de- 
scribed as follows: In each of the rooms of which it is desired to regulate 
the temperature a .regulating thermostat is placed in any convenient place. 
This thermostat again is connected with wires to the electrical valves which 
con'rol the dampers in the smoke pipes and air inlets of the furnace. Ac- 
cording to the system used, in some cases each hot-air pipe has a separate 
valve which operates a damper in the pipe in which it is placed. This, of 
course, according to the way the thermostat is set in the rooms above, 
ei’her closing the damper, if the temperature is too high, or vice versa . It 
would be well for the student to make himself thoroughly familiar with the 
various styles and kinds of appliances now on the market. It would require 
too much space to give even a casual review of the many different kinds; 
and, as a knowledge of the details of their construction and operation is 
recommended, I would advise all those who care to go deeper into the sub- 
ject to supply themselves with the descriptive circulars, pamphlets, etc., 
of the various firms throughout the country dealing in electrical appliances 
of this kind. They will gladly furnish any further information the student 
may want on this subject. 


XV. 

FO^fiACE FOODS RfiD COLiliAHS. 

The subjects which I will describe next are the various kinds and 
styles of portable furnace hoods, the different ways in which they are made 
and aho the various connections, such as starters or collars, thimbles, etc , 
used in connection with them in setting up furnaces. The figures from 85 
to 90 give fifteen different styles and varieties of portable furnace hoods. 
These hoods are all made so as to be removable, and are made of galvan- 
ized iron. The proper gauge of iron to make a hood of is from 26 to as 
heavy as 22 gauge, according to the size of the hood and also to the pur- 
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pose and other conditions in connection with where the furnace is set. 
One very important fact, which it will be well to bear in mind when 
laying out or designing a hood for a furnace is to provide as roomy and large 
a covering for the furnace as the conditions and location in which the same is 
set will permit. The difficulties to contend with will be shown where in some 
cases it is impossible to give to the hood the proper height for the large storage 
chamber in the same, which, to obtain the best results, is necessary for the 
proper mixing and distribution of the air into the various pipes lead- 
ing therefrom. These conditions must be met and overcome by the 
furnace setter in some way or other. 

A very simple way is to make the casings as low down as possible 
and also to set the furnace low in the start. The idea is to always have 
the hood inside of such a height in the clear above the furnace that no less 
a space than twelve inches remains. A very good rule is to get as near eigh- 
teen inches in the clear, from the topmost part of the furnace to the bot- 
tom of the t p of the hood, as possible. If the foregoing can be complied 
with, the student will find that he has the best possible conditions to as- 
sure the proper mixiug of the air and also enough storage room in the 
hood, so that he can gc ahead with this part of the work knowing it to be 
all right. 



Having shown what points are the most necessary for the proper de- 
sign of a furnace hood, I will give the details and also the best ways of mak- 
ing the different kinds of hoods as shown by the figures 85 to 90. Fig. 85 
shows six different hoods, three with flat tops and three with inverted cone 
tops. These styles are used by many furnace firms, particularly the kinds 
with the flat top*. The chief reason for this is that they are the simplest* 
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easiest mad’e and as a consequence are the cheapest kinds made, especially 
so the s'yle C, which has its sides straight up and down asd the top of 
which is flat. It is in fact nothing more nor less than a continuation of 
the casing of the furnace with a flat top put on to it, the vertical cylin- 
drical part being fitted to the top casing rings. This style of hood I would 
not recommend unless the point were to see how cheap a hood could be 
got out, and also if the hood were to be used on a furnace which would 
leave ample elevation for the pipes leading from it and at the same time 
have all the outlets or collars on the top of the hood. In a case where all 
the outlets are put on the vertical part or on the sides it is readily seen 
what a large dead space the top of the hood would leave, and this being the 
hottest part of it a good deal of hea!; would radiate and be wasted in the 
cellar or furnace room through this large surface. The best plan is not 
to use this style hood if it possibly can be avoided. An improvement 
could be made on this hood if the top were made in the shape of an inverted 
cone, as C' of Fig. 85 shows. If the cone or top has a pitch of about 4" 
or 5" down, this will do away with the most objectionable feature, namely, 
the excessive radiation of heat through the flat top. If the collars are 
placed on the top they can be located around the outer edge, this being at 
nee the highest point and therefore the best place that they could be put. 



After the furnace is set up and the hood and collars are all in position, 
the top of this hood can be filled up level to the outer edge with sand, which 
prevents the heat from radiating out through the top and instead directs it 
to its proper outlets, namely, the collars connecting with the hot air pipes. 
If all the collars are taken out from the sides at or near the top, the entire 
inverted conical top may be filled up level to the outer rim with sand, thus 
attaining the best possible results that could be expected from a hood of 
this kind. The object of putting a conical top on hoods is that by reason 
of the pointed shape which the underpart of the top at its center presents 
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to the volume of air in the interior of the hood it directs ail the heated air 
to the highest part of the top where the collars or outlets are located, and 
also that on the outside of the top, where it is depressed by reason of the 
conical form, the space can be filled with sand or some other non-conduct- 
ing material, thus preventing any unnecessary waste of heat from the 
furnace when in operation. 

The hood as shown by A of Fig. 85 is a far preferable one in its entire 
design to the one given by C of the same figure. Although the top on this 
style is also flat, it has this advantage over the style shown by letter C that 
the sides are made in a conical shape, the body of the hood being made in 
the shape of a frustum of a cone. The conical-shaped hoods I consider 
the best for the following reasons: By reason of their being of less diame. 
ter or smaller at their top than at their bottom, they concentrate the heat 
more compactly, causing it to mix more directly and adding force to the 
flow of air through the outlets from the same at the hood, and, as a conse- 
quence cause a more rapid flow of heated air through the hot air pipes. 

Although this style of hood costs a trifle more to make, the advantages 
gained by using this kind in preference to the style shown by C, far out- 
weigh the extra cost. If a conical h°od as described has an inverted 
conical top as B of Fig. 85, put on instead of a fl?t one, the best shaped 
cheap hood that could be produced is the result. The general practice is 
to make these hoods from 12" to 14" high. The lower edge of this hood 
is fitted to the top casing ring of the furnace. As will be noticed in the 
preceding, this height leaves but scant space for the accumulation of any 
volume of air in the air chamber. Some firms have (to meet this point) 
adopted the plan of making the hoods of their furnaces somewhat higher; 
the styles as given in D and E of Fig. 85 show what is meant. This 
makes quite an improvement over the other styles. The starters, collars 
or outlets, are of course, at the upper edge of these hoods. Fig. 85 gives 
all the main measurements as to height of the body or sides, also the angle 
of inclination of the same from the vertical, and the pitch of the conical 
tops. When making conical hoods as the Fig. 85 illustrates, a small burr 
is generally made at the lower edge of the hood inwardly, so that it lays 
up snug and tight to the casing ring on which it is placed. It may per- 
haps be well to add that a hood should always be made so that it fits 
well, and for that matter, so should all casings, eic., used on portable fur- 
naces. The impression one would get from some work I have seen in this 
branch, would lead a person to believe that the genius who did the work 
on the casings and hood (that is, who fitted them as they appeared when 
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l saw them, without providing a regular inlet for the cold air to the fur- 
nace), intended to take the cold air from the furnace room, and this by 
means of the irregular, gaping and loosely-fitting casings and hoods as I 
saw presented. Botch work of this kind should never be tolerated in any 
furnace shop. It does not follow that because a tinker may be able to 

( make a tin cup or a joint of stove pipe, that he is also able to make a per- 
fect fitting casing or a hood on a furnace, although to a thorough me- 
chanic, the one is just as easy to make as the other. There are a good 
many points to be taken into consideration when getting out these fittings 
for furnaces, which the better or thorough workman sees and acts upon 
when measuring up a set of furnace castings for the casings and fittings, 
which are to be made by him. These points the careless and inferior 
man, in his bungling way, probably would never see, and even when he 
may by chance stumble upon or become aware of some fault in the con- 
struction or design of the furnace he is working on, he, in his dense 
stupidity, can not find a way out of the difficulty, so that when his part of 
the work is done it is imperfect. We are all acquainted with this type 
of workman, and your trained furnace man is kept on pins and needles, 
shuddering as to the possible blunder his fellow workman may perpetrate. 
Many and many a piece of incomprehensible stupidity on some simple 
part of a job has caused endless labor. With such a fellow 
laborer at one’s side it behooveth the thorough furnace man to 
be continually on his guard. The fact is, that in furnace work of this 
kind, to do it properly, the workman must be careful, deliberate, precise, 
and last, but most important, he must have the required amount of skill to 
do a smooth piece of work after he knows what is really required of him. 
In a future article I will point out some of the most important objects 
that must be considered when getting out work of the class alluded to in 
the foregoing. 

Fig. 86 shows by A. and B hoods somewhat similar to those given by 
Fig. 85 in certain parts of their general construction, but differing from 
them in so far as to be of a more complete design and a far better hood 
for the purpose. The most important point of difference between this 
style hood and that shown by Fig. 85 is that this style has a band attached 
to its bottom end equal in size to the casing ring on which it fits. This 
band can be either set down or double seamed on the flaring part of the 
hood. The advantage of a band of this kind on a hood is that it adds to 
its height, thereby providing for more air space above the furnace. It also 
makes a neater looking job and a far stronger hood than the styles made 
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without this added band. B shows a hood with an inverted conical top 
and a vertical 4" wide band set down on the same at its lower end. A 
shows the same kind of a hood, but with a flit top and a 8" band added on 
to its upper end. This 8" band is put on this style hood to enable one to 
fill the top. with sand, in case the collars are taken out at the side of the 
hood. It will be noticed that the top band has a wire laid in at its top 
edge which secures stiffness for that edge, while the way this band is 
fastened to the double seamed top edge of the hood, is shown by Fig. 87. 
These bands are generally made about from 2J" to 8" wide when complete. 
As ordinarily used for furnace hoods, they are made for utility, but 
are also often placed on the hoods of room heaters, etc. When these 
hoods are provided with bands they are often made of highly ornamental 
patterns, having fancy designs cut out of their sides, or in some cases 
several beads are swaged around them. 



In some instances, where a very fine finish is desired, a polished brass 
strip is fastened around the outside of this band. This produced a splen- 
did eff ct as in o e instance noted, j casings and the hood were made of 
Russia iron, the casing also being provided with brass strips of equal width 
as that of the band around the hood of the heater. To sum up, the styles 
of hoods a* described and shown in Fig. 86 are the most perfect kinds 
that are commonly used. I may also add that they are the most costly 
to nuke. C of Fig. 86 shows the style of hood sometimes used by furnace 
men, where but a few pipes lead from the furnace top, and also in cases 
where there is not enough room to put a higher hood in position so as to 
secure enough elevation as demanded for the proper working of the fur- 
nace. As to my own individual choi e, I cannot fay that I regard it with 
much favor, but have included the same in this series to make the variety 
as complete as is consistent with giving a full exposition of all the 
different kinds of hoods used in actual practice. In some cases, where 
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there is but one pipe leading to the floor above from a furnace, this style 
hood does well enough. A far more preferable pitch for a hood is shown 
by the style as in A of F.g. 88. On this hood are shown three 
outlets, one in the center, a 16” collar, a 12' one on one, and a 10 one 
on the other side of the center collar or outlet. The reason why the pitch 
of this hood is better for the purpose than the hood C of Fig. 86, is that it 
is steeper and therefore allows the volume of air to have a more easy and 
rapid flow to tne pipe leading upward. The same hood can also be made 
in another shape, that is, the part from 1 to 2 instead of continuing to an 
apex, as it would if nothing were cut away as has been done to show 
where the 16” collar joins on the liool, may be formed and pressed 
into the shape as shown by 1 to 2 of A, forming aD inverted cone 
in the center of the hood. This entire top can be made out of one piece 
of material, or, in other words, can be formed to shape after the complete 
top is made up into one solid disk of iron laid out in the flat. 

To accomplish this proceed as follows: At point 3 as center, use the dis- 
tance from point 8 to point 4 as radius; describe the required circumference, 
whatever the case may demand according to the diameter the ring may be, the 
top is to fit to it with its lower edge. Then from point 3 to point 5 mark off 
the circular line where the bend or break occurs which will be the highest 
part of the hood, where it is finally formed to shape as desired. After the disk 
is cat out as the problem demands, mark or indent a crease along the line 
5; after this has been done proceed to form the lesser conical part of this 
top as desired, but be careful not to bend it too much at once in the begin- 
ing. Follow this operation, after the center part has been bent, to some 
extent, by bending the outer part somewhat in the direction it is desired it 
should have when finished. Repeat the operation until the whole top is 
formed to its final shape, then rivet the center seam together and the top 
of the hood is completed. This hood, if well done, makes a very good, 
strong and compact shape; it is mainly used by some furnace men for the 
smaller sized furnaces, or such from which there are not a great many 
outlets. In laying out. the pattern for a top of this kind, care must be 
taken to leave enough material for the lap of the center seam and also for 
the lips for the edges which are to be set down or double seamed on the 
band at its lower edge. In riveting the center seam, have the rivets spaced 
about from 1” to apart from center to center. Use 10-oz. rivets on 
26-gauge iron, head the rivets neatly, and be careful to have the iron lay 
up well; if the foregoing directions are followed, a first-class job may be 
expected when making a hood as covered by the foregoing description. 

B, of Fig. 88, gives a side view of a hood which has but one outlet at 
its top. We will assume that the furnace is placed in such a position that 
the outlet, in order to connect with a vertical pipe, will have to be placed to 


86 


FURNACE HOODS AND COLLARS . 


one side of the center of the top of the hood. In order to accomplish this 
with the least trouble and expense the shape as B of Fig. 88 shows is the 
best shape that could be adopted for the purpose sought. By using this 
shape top two angles and some fitting in connection therewith, which 
would be necessary if the collar of the outlet were placed in the center of a 
regular conical-shaped top, are done away with. This method also insures 
a straight upward flow of heated air from the furnace underneath. Direc- 
tions to lay out the required patterns for this shape will be given in full 
further on. 



Fig. 89 shows the shapes of two styles of hoods for oval-cased fur- 
naces. A givea a style without a band to its upper part but with a dished 
top, while B gives a flat top hood with a rim around it. C is a side view o 
B. Both styles have a band at the lower end of the tapering ]>art which 
fits to the casing ring. These two styles are precisely the same as the 
hoods shown by A and B of Fig. 86, with this difference, that a fLt part has 
been added to each side in the center; that is, if a circle be cut into two 
equal parts and these two parts be moved apart and two straight pieces be 
inserted, one on each side, both of equal length and having the same incli* 
nation as the circular parts have. The manner of making a hood of this 
kind is the same as the method employed in getting out the ordinary com- 
mon round hood; the flat sides are to be added as a matter of course to 
make the hood conform to the shape as the design demands. This style 
of hood is used by many manufacturers where a furnace has a radiator 
attached to it and the same is cased or portable, the elongation of the shape 
of the casing being made to conform to the circumstances as the occasion 
demands. Fig 90 gives a plan and a side view of one of the largest size 
hoods made for furnaces. These are made principally for large wood burn- 
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ing furnaces used to a great extent in the Northwest where wood is cheap 
aod coal correspondingly dear. Fig. 91 shows a h;>od somewhat sim Jar 
to the one shown by Fig 90, still differing in its general shape, and also 
that Fig. 90 shows a top rim while Fig 91 has none. I will give a method 
to lay out the shape or the pattern for these hoods further on. The 
dimensions for some size? of these hoods are 6' long by 40" wide and in 
some cases 18" high. These kinds of fu-naces are generally used in the 
same section of the country for large buil tings, such as school and court- 
houses, churches, etc. 



Having described the leading and most used styles and kinds of fur- 
nace hoods in use throughout the country I will next give some methods. to 
lay out the patterns for them. Fig. 92 at A gives the plan of a common 
conical-shaped envelope of a hood which is the same as B of F.g 85. B of 
Fig 92 gives the side elevation of the plan A of the same figure. I will 
first discuss the ordinary method used in finding the pattern for the 
envelope of a frustum of a cone, which is the shape of a common hood, as 
B of Fig. 85 shows. The first step to take is to draw the full side elevation 
the outlines of which B, from 1 to 2 and from 8 to 4, give. Connect point 
2 to 1 and continue this line indefinitely; do the same with points 4 to 8, 
and also extend the line connecting the two last- mentioned points until it 
intersects the line 2 to 1, which it does at the apex at C. Where these two 
lines form a junction, drop a line midway between them, as the line C to 
K shows. Having drawn the line C to K it will be found, if drawn as di- 
rected, that at the point where it cuts the line 2 to 4 it is at right angles to 
the same, and, as a consequence, is precisely in the center of B of Fig. 
92. Using the point C as center, set the compasses at point 1; this distance 
gives the length of the radius for the curve demanded for the top curve 
from points 1 to 8. The same operation from C to point 2 gives the radius 
for the bottom curve as from point 2 to point 4. Draw the curve 2 to 4 
with the radius from C to point 2, and extend it until the length of this 
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curved line is equal to the circumference of a circle whose diameter is equal 
to the straight line 2 to 4 of B. This gives the correct sweep that the 
curve 2 to 4 must have in order to produce the bottom line of a frustum of 
a cone such as B of Fig. 92 calls for. 

A similar operation has to be performed in order to produce the cor- 
rect line for the top line of the ^aun figure, the radius for this being from 
C to point 1. Commencing from point 1, the curve as drawn conLecting 
with point 2 and continued until its proper length is developed, which is 
the circumference of a circle whose diameter is equal to the length of the 
straight line connecting the points 1 and 3 of B. Connect the points where 
the two curves as described terminate with the center point C by a straight 
line, and a complete pattern of an envelope of a frustum of a cone is the 
result, as demanded by the side elevation B of Fig. 92. This gives a pat- 
tern in one piece and is the strictly geometrical method to obtain it. 
may add that it is absolutely correct. The two concentric circles of A give 
the correct relative positions of both the top and bottom ends of this frus- 
tum after the pattern has been formed to the shape as demanded by B. 



4 " 


In the foregoing no allowance has been made for laps or joints of any 
kind whatever; these must be provided for when laying out the patterns. 
I will assume that in the problem as described a hood is wanted whose bot- 
tom diameter is to be 40"; at the top it is to be 30", which gives it 5" 
slant on the sides, and it is to be 14" inches high measured on the slant 
height or on the side when finished. Draw a side elevation as the figures 
call for; find the center point C as described; draw the top and bottom 
curves as directed and make the length of the bottom curve 314 x 40"=10' 
ari d as a matter of course it follows that the top curve will be 314 x 30 
=7102)" long. These deductions are drawn as if the entire envelope was 
made out of one piece, this being impossible because the sheets of iron from 
which the work is to be made are not large enough, and even if they were 
to made an entire envelope of a hood out of one piece would cut the iron 
to too much waste; this reason, and also the extra cost, makes it impera- 
tive that the envelope be made out of smaller pieces or sections. The most 
Suitable and be&t adapted size of sheets for nearly all sizes and kinds of 
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hoods are those that are 30"’ wide. The pattern laid crossways on the 
sheets and each section made as long as the sheet will possibly admit, is 
the best way to cut them out. This makes it necessary to allow for a lap 
atone end of each section, so that when the entire hood is formed and 
jointed toge her it then measures as given in the foregoing, namely: at its 
bottom edge 10' 5 «/' and at the top 7' 102/'. Extra allowance must be 
made at the top and also at the bottom for whatever kind of lock, fastening 
or double seam it is desired to uae to fasten the conical part of the hood to 
the top and bottom parts with which it connects. 

Some furnace men use a lock seam to fasten together the ends of the 
sections of which the conical part of a hood is composed. This I do not 
consider a good way, because if it should happen that an opening must be 
cut in the side of the hood and it happens to be where there is such a seam, 
it makes it very awkward, unhandy and difficult to cut a hole in that place. 
The seam in nearly all cases is liable to become unjointed and also for the 
reason that a smooth, firm connection cannot be made with the outlet 
collar if it must be joined in position over the clumsy double-seamed lock, 
which this method of joining the sections together leaves at the place where 
the joint is so made. The neater, better-appearing and stronger joints are 
those that are riveted together, there being no possible chance for them to 
come apart if properly done no matter how much rough usage the hood may 
have to stand in handling while shipping and transporting from the shop to 
where it ia finally put up on the furnace. I would advise to rivet all these 
joints as described, spacing the rivets 1 } apart from center to center and 
using no heavier rivets than from 10 oz. to 1 lb. for even the heaviest ma- 
terial used for making hoods. Allow a lap of only for the joints ; have the 
plates lay up snug and even. Do not draw the rivets through the iron but 
have well-matched holes punched through the plates before attempting to 
join them together. In short, do a good job throughout this part, and be sure 
to make the hood tight and sound throughout as in no part of the casing of 
a furnace is it more necessary to do first-class work than on the hood. 

There are several modes used in furnace shops to prepare the sides or 
conical parts of hoods for the tops or covers to be put on them. In some 
shops it is the custom to join the sections together, either lock-seamed or 
riveted, and then the workman, with the assistance of a helper, turns the 
required burr or edge on the top end as required for the double-seaming on 
the top. The same operation is also performed with the bottom edge of 
the conical part, if the hood is to have a band or is of the style which has 
a band attached to the bottom part of the hood. This way of getting out 
the hood I regard as the most cumbersome, tiresome and time-wasting 
mode that could be adopted to attain the desired result. A far easier, 
quicker and handier method is to turn all the required edges both on the 
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top and bottom ends of each section complete before they are joined to- 
gether at all. Form the sections after all edges have been tnmed to the 


c 



required shape as demanded to insure their proper fitting. Then it becomes 
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an easy matter for one man alone to rivet the up and down seams or laps, 
thus saving the services of an extra helper and also by this method produc- 
ing a far neater and better job than the other way, and also saving time by 
reason of the work being simplified and easier joined together. 

It may not be out of place at this occasion to direct the attention of 
the student to one impoitant fact which most workmen do not seem to 
ULderstand, namely, that a pattern which is laid out and cut for a certain 
size hood, I will say a 40" hood, will not answer to lay out Ihe parts with 
of, say, a 44" or 48" hood, even if the hoods are all alike as to the angle 
that the sides incline toward the center. This fact can be readily demon- 
strated by any one who cares to lay out the correct pattern for each size 
hood above mentioned. Do this as directed and when the three different 
patterns are laid out and cut as they should be, compare them one with the 
other by placing them one on the other and the very marked difference will 
at once be seen. I have been in shops where some so called furnace-men 
used one pattern for half a dozen different sizes of hoods, with the never- 
failing result that when the work was done the hoods that were gotten out 
but for which the pattern was not just right, were botched both in their fit- 
ting and also their general appearance. The proper way to do is to make 
a pattern for each size hood that is to be made; a few minutes devoted to 
the proper laying out of the correct patterns often saves a good deal of 
trouble afterward. 

The plan A of Fig, 92 also shows how to get the radius for the in- 
verted conical top for a hood. If the top is flat, all that is needed is to 
cut the disk to the size as the top end of the hood measures and add 
enough material to allow for the edges for the double seam which joins the 
top and sides together. But where the top has a downward pitch, as from 
point 2 to 1 of A, the point 1 is used as center and the point 3 as the 
starting point and also as the other end of the radius. Describe the circle 
as is shown by the dotted line or circle of A ; add to this enough material 
for the edge for double seam and the correct outline is obtained. A quick 
way to get the cover to fit, that is, to get the correct points where to cut 
out the gore piece, is the following: Turn the edge for double seaming the 
cover to the body of the hood, then cut on, from any point of the outline of 
the disk, a straight line to the center of the disk or point 1 ; place the disk 
on the hood and press the disk downward until the edge which has been 
turned on the edge of the disk or cover catches firmly on the edge which has 
been turned on the body at the top end of the same. Wnile the top is held in 
this position mark off where the overlapping occurs on the top disk. Now 
take the cover off, allow one inch for Jap, cut out what is left of the gore 
and then rivet the two edges t^ge her lapped as directed. This method is 
the quickest way that the desired result can be obtained and has this point 


92 


FU11NACE HOODS AND COLLARS. 


to recommend it that it assures a perfect fit every time. When the top of 
the hood has been fastened to the body and is pinned down and ready for 
double seaming, the most convenient, easiest handled and best adapted 
staae to use to hold on with to double seam these parts together is an ordi- 
nary. med urn sized sad-iron. I have never come across anything that 
serves the purpose more satisfactorily than an old flat-iron. Having once 
used one for this purpose no one would again attempt to use the awkward 
dragging and inconvenient stake fastened to the bench with which to dou- 
ble seam furnace hoods. 

Having given a full exposition how to get out hood patterns by the 
strict geometrical or long method, I wiil give a shorter way to attain the 
same result. A hood if made by this method, although it may not be quite 
as precise as if it had betn madefy the first process given, is yet accurate 
enough to do good work and close enough to be so near perfect that scarcely 
any difference can be detected wi.h the unaided eye alone in the general 
shape of the hood when completed. The method is as follows: Having 
drawn a side elevation as B of Pig. 92 shows, bound, d by the lines con 
necting the points 1 to 3 and 4 to 2 and from 2 to 1, set the square on line 
1 to 2, from point 2 draw a line at right angles to line 1 to 2, which cuts 
the center line at point K. Divide the line 2 to K into two equal p .rts as 
at S. Draw the lme S to L parallel to line 2 to 4. The point 4 on the 
center hue is to be equi-distant from point K and also from the line 2 to 4. 
Divide the line 2 to L in two parts and also the line 2 to S. 

Connect these two last found points by a line as is shown by the line 
from the points 5 to (i; subdivide this line into four equ .1 parts and mark 
off the two end divisions thus found, as is shown by the points 7 and 8. 
Then divide the lme from point 2 to 5 into two equal parts as is shown by 
point X; connect point X with point 7 by a line. Divide the line 6 to L 
mto two parts as shown by point N; connect points N and 8 by a line. 
These subdivided lines very nearly show the correct curve of the bottom 
edge of the fmstum of a cone as is demanded by the drawing. The same 
operation is to be done to find the curve for the upper end of the hood. 
This process of dividing these lines can, if so desired, be carried to as 
minute a degree as suits the one getting out the pattern. The more steps 
that are taken the more perfect the curve becomes, but for all practical 
purposes the steps as shown are far enough to give a nearly correct pattern 
In order to get the curve on the other side of the center line the same process 
has to be gone over for that part. I often use this method when in a hurry 

w! T b ° Ut ’ C ° meS V6ry haQdy when the swee P « radius is too 
long to be conveniently used to get out the required patterns. 

, . ,. he plan A ’ Flg> 92, ali its outer ed ge also shows two starters or out 
let col ars ns they appear fr,m that point of view. One is a straight-out 
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collar while the other is of the kind called a right or left-hand collar. Fnll 
instructions how to make these, and how the patterns for them are made 
will be given hereafter. The usual pitch or angle of inclination from a 
vertical line for the sides or body of the furnace ho ds is from 8" to 5" to 
the foot. Ordinarily it is 4" Jrom the vertical, as they are made in most 
shops. Fig. 98 gives the various angles, and also the degrees which a pipe 
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assumes from a horizontal position if it is placed at light-angles or 90 to 
the tide of a hood. One side of Fig. 98 show3 a collar put on at an angle 
of 10° less than 90° and as a consequence it only has a rise of 10° to the 
foot, as I have shown by the drawing. This angle, which gives the pipe arise 
of 2" to the foot from the horizontal, is very often used in getting out a per- 
manent set of patterns for hood collars. Some firms use no other than 
straight out collars while others again use collars that have a pitch of from 
B" to 5" to the foot from the horizontal. Fig. 94 shows a style of collar or 



starter for brick* set furnaces. The style as shown is a favorite 
with many furnace -men. They are made of one full joint of 20 in 
length and a piece of 14" pipe, but of orily half the circumference of a full 
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joint. They are usually bricked into a furnace in the manner shown. The 
edges that come below the bottom of the top of the furnace or hot air cham- 
ber are bent out sideways and trimmed so as to fit between the tee irons 
or the supporting bars. This style of starter makes one of the best kinds 
in use ; in fact, I would advise to use no other for brick set work. The 
angle at which they are set can of course be suited to accommodate the 
collar for any angle. Then this shape, at once both provides for an outlet 
from the top and also at the upper edge of the vertical wall. It will also be 
noticed that it reaches well back into the body of the furnace, providing as 
large an area to get its supply of warm air from the air chamber as could 
possibly be obtained for a starter of any kind made. Then it is cheap and 
easily made and meets every requirement that would be demanded of a first- 
class brick-set furnace-pipe starter. In order to finish the subject of portable 
furnace hoods I will give a simp'e method to lay out the patterns for the 
hood B of Fig. 88. The pattern for this shape can easily be developed by 
triangulation; that is, by using several sets of triangles to get the actual 
distances, heights, etc; also the correct shape of the envelope. The one 
paramount aim that the student must bear in mind when solving pattern 
problems by the various modes of triangulation is, that it is absolutely 
necessary that in the very outset he begins with a correct starting point, 
and that each succeeding step is precisely as it should be. Th > work of 
drawing the patterns must be done correctly and with the utmost care. 
This is about all that there is to this much exp'oited system of laying out 
patterns. The simple rules and fundamental principles upon which this 
system is based are in themselves so easily acquire 1 that it is surprising to 
find that they are not more generally used by mechanics in the trade 
throughout the country. 

The first step to take in laying out this pattern is to draw a correct 
side elevation, as A of Fig. 95 shows, of this hood, which is from the point 
1 to 9 for baseline, from 1 to 0 C and from 9 to 9' for the lines of the sides or 
boundary lines, of the body and from C C to 9 for the top line. Then draw 
the two semicircles B and 0 for half of the top and bottom ends. Divide 
these into any equal number of parts, as has been done in this case, each 
into eight equal parts, as shown by the numerals 1 to 9 in both instances. 
Connect the points thus found by solid lines as shown in the plan B and 
0 between the corresponding numerals as 1 to 1', 2 to 2', etc. Then con- 
nect the points as the numerals 1' to 2, 2' to 3, etc., shown by dotted lines. 
The next step is to construct the triangles. Set A of Fig. 95, corresponding 
to the solid lines and set B to those of the dotted lines. Drop the line from 
point C C to the point 1' on line 1 to 9" at right angles to this last line. 
The line thus drawn gives the actual height of the altitude, for the lines 
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for the stretch-out line, or actual length of the hypothenuse, or, in other 
words, it is the longest and greatest width of the envelope which is to be 
laid out. Next, transfer the distance from point 2' to 2 on the line from 
point 1' to point 2 on the line 1 to 9". Do the same for each succeeding 
solid line as is shown in the drawing where 3' to 3 of C is transferred to 
the base line from point 1 to 3, etc. After all these di* tances are so trans- 
ferred and all their respective points are established as shown by the num- 
erals 1, 2, 3, 4, etc., to 9, on line 1 to 1', connect the points thus found by 
solid lines with the apex at C 0 and this completes the set A or solid tri- 
angles. A similar operation is to be followed with the set B or dotted 
lines of triangles. The length of the first dotted line which is to be trans- 



ferred is that of the line from point 1' to 2 and is so done on the line 1 to 
9" from point 1' to point 2 on the same line. Then from point 2 thus es- 
tablished a dotted line is drawn connecting it with the apex point at 0 0. 
A similar operation is gone over with all the rest of the dotted lines as is 
shown on the base line of the set B of triangles, the dotted line 2' to 3 cor- 
responding to the distance from point 1' to point 3 on the base line of the 
set B, and so on for all the rest of this set. Connect all the points thus 
found for the set B. When this is done we can next proceed to lay out the 
pattern for the envelope for the shape under consideration. Right here is 
where the most care must be taken to get all the steps absolutely correct, 
in order to get the exact pattern, for the least little slip will throw the en- 
tire pattern off from its true development. At this stage it is mainly a 
matter of how caieful one is in doing each step right that the correct re* 
suit depends on. The length and position of the longest solid line, which 
is also the center line of the pattern, is given by the line 1 to 0 C. Place 
the compasses at point 1 ; strike an arc equal in distance away from point 
1 as 1 is away from point 2 of the outer circle of 0. Then set the dividers 
the length from point C C to number 2 of set B or the dotted triangles. 
Set one point of the dividers at C C and strike an arc intersecting the arc 
which is the distance from point 1 as 1 to 2 of the plan C. This estab- 
lishes the position of the point 2 of the pattern. Next, transfer the dia- 
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tanee as from point 1' to 2" of B to the inner curve of the pattern from 
point C C to 2' of the same. Then transfer the length of the solid line C C 
o of the set A of the solid line of triangles, from point 2 of the pattern 
to where it intersects or cuts the arc as found or drawn at 2' of the inner 
curve of the pattern. This establishes the correct position of point 2'. 
..e same general mode of deducing and establishing all the remaining 
mes and points is to be followed for the rest of the pattern throughout. To 
repeat each wou.d be superfluous. After all the points are found that are 
necessary to establish the curves for the pattern, the same may be connected 
by a free hand lme drawn from point to point as has been done for the 
pattern in the drawing. The pattern as shown is only one half of the en- 
tire envelope, the other part being the exact reverse duplicate of the same. 
Allow for all laps and all edges for double seaming and connections that 
may be necessary for the proper putting together of this hood. 

To develop the patterns for the shapes as the hoods, Fig,. 90 and 91 
have, the same general rules, methods and operations are necessary, the 
only difference between these shapes and Fig. 88, being that they are 
rather larger and of a somewhat different form. The student may, if he 
so desires, divide the sets of triangles into three or even four divisions for 

I w? T?!?’ theie ?T g m Kg * 90 thirt ? d ^erent solid line angles, as 
I have divided them, and thirty-one dotted line angles. For convenience, 

that lit! 6a r T ° Ver the 6ntire l0t ’ they Can be P utin Buch shape 

Aat no possibie confusion wfll ari-e if the hint given is acted upon. In 

Fig. 96 I have given the starting points to lay out the envelope for Fig. 90 
These are drawn to the scale double the size shown by Fig. 90. A is the 

1“^ °1 the fifSt S8t ° f S ° lid Hne angIes and B of the dotted line 
tnang e,. C is the commencement of the development of the envelope, or 

the pattern, and is so arranged that the same can be laid out, commencing 
‘ rig “ “ d k,t - h " d - - - “■« — 

Pig. 97 gives the method to lay out a vertical c filar on a hood as 0 
of the Fig. 86 shows. The first step to take is to draw a side elevation 
the required hood and the position that the collar has to have on the 
same, as is shown from points A B to C. Next draw the horizontal 
line of the collar as from 7 to 1. Draw the semi-circle as shown; divide this 1 
into any number of equal parts. In this case I have divided it il eU 
parts. Drop lines to the line A, C of the hood as shown from the pll 

i SUltt- vTiSit a ™ i “ of 0—1 

fromB ie C To T ‘Tf" “ Secti011 ° f the of lbe bood < as shown 
’ t° 0 1“ the drawing. Draw one-half of the required circles of 
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the plan in its proper relative position as the side elevation as drawn 
demands for it to be on the plan; all this is fully shown on the plan. 
Divide this half into the same number of equal parts, as has been done in 
the elevation. Drop lines from the points thus found to the line B to D 
and at right-angles to the same, as has been done and is shown at the 



8' 2' and 1 for the extreme length for each radius for the respective 
curves. Where these curves cut the line B to C, continue with straight 
lines at right-angles to line B to C until they intersect or cut the line A to 
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0. At the points where these lines cut the line A to 0, draw lines at right- 
angles from them and connect them with the dotted lines which are°ex. 
tended down below the line A to C as shown in the drawing, by tbe 
numerals 7 to 1 of the elevation. The points thus found, establish the 
correct length and position, and give the data for the development of all 
tbe lines for the required pattern for the collar. 

To develop the latter, draw a line equal in length to the circumference 
o the collar; divide this into an equal number of equal parts. From points 
thus found, draw hues at right-angles to the same, as has been done from 
me F to H for one-half of the entire pattern, t s the numerals 7 to 1 show. 
A the lines thus dr, wn mark off their respective lengths, as the lengths 
allowed for them, by the lines from line 7 to 1 to the points 7, 6, 5, 4, 3, 

J ]’ of the dot i t , ed lmes of the side elevation of the collars. After these 
distances are all transferred and the actual lengths of the lines on the pat- 
tern are marked, draw a free-hand line connecting these points as is shown 
in ene h.lf of the pattern; duplicate the other half and the pittern is fin- 
ished For an inverted hood collar the pattern is simply the reverse of 
that for the cone just descnbed, and is so shown and marked on the draw- 
ing. For the lio e that is to be cut out of the hood the drawing gives all 
the particulars as on the lme A to K. The section A, 0 to K, as shown, is 
drawn with a rad, us from A to C, which is the correct stretch-out for the 
envehpe for the (op of the hood i'self. The hood being on an incline from 
point A to the lower edge, as the curve 0 to K, it naturally follows that 
the shape of the cylinder resolves itse f into an oval on the envelope of the 
cone, that is, the line of contact of the cylinder with the hood, the longest 
axis o the oval being on line A to K from points 7 to 1. All the inter- 
mediate points from point 6 to 2 are in precisely the same relative positions 
fiom and to each other as those points shown beneath the line A to G of 
the elevation of the hood. The lengths of the lines drawn at right-angles 
from the Lne A to K are the same as the corresponding lines shown in the 
semi-cjrcle of the elevation. The positions of all the points thus estab- 
lished give the actual and correct outline for the opening required on this 
hood for the collar descnbed. Connect these points with a free-hand line 
and the pattern is complete as far as its laying out is concerned for this 
hood and a vertical collar for the same. Fig. 98 shows a method to lav 
out a straight out collar on to an ordinary flaring hood at Fig. 92 gives at 

i! . be J t8 , ken 18 t0 diaw a complete and accurate side 

elevation of the hood and also of the desired collar or starter, which has 

been done la this case above the base line A to B. The entire outl-ne of 
the elevation r f the hood is given within tbe points from A to B for base 
hne; from B to A' gives the slant height of the hood, from A' to B' gives 
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one-half of the top line of the entire hood, and from B' to A is the center 
line of the same. From point 1 to 7 gives the length from the top to the 
bottom of the collar nearest to the hood. From 7 to S and 1 to S' gives 





collar. This is divided into six equal parts, with lines carried parallel to 
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the line 1 to 7 of the hood as the drawing shows. It will be observtd that 
the envelope of the hood has been laid out by the method described in Fig. 
92, and for that matter this method has been made use of in its practical 
application for all the rest of the hoods following and described in this 
article. The line from A" to B" is merely drawn as a center line to assist 
in the ready laying out of the shape of the hole that is to be cut out of the 
hood for the opening to which the collar is to be joined. Directly under- 
neath tbe elevation is the drawing for the plan. The curves as shown by 
1 to A' and from B to B' are the extreme outlines of both the top and the 
bottom of the hood, as they appear in the plan. Adjoining this is one- 
quarter of the collar no more being necessary for the practical laying out 
of this problem. This part is also connected to the plan part of the hood 
by lines, as line 1 and also 7, 2 and 6, 8 and 5 and also 4. Some of the 
lines, although appearing only as one line, as a matter of fact represent two 
lines, they both being in the same vertical plane but referring to the eleva- 
tion lie in different altitudes or horizontal planes. This part of the needed 
preliminary work done, we may now proceed to take the first step following 
for this problem. 

All the lines having been carried to the line A' to B in the 
elevation of the collar, commence at the lowest point where the line 7 
cuts the line A' to B and drop a line from that point to the base line to 7". 
Do the same with all the rest of the lines, as lines 6, 5, 4, 3, 2, and 1 show 
which is the highest point. These lines are shown in the drawing by 
long dashes and are all shown at their lowest point of termination on the 
base line by the numerals 1' to 7". Now taking the point A of the base 
line as center, draw the curves as shown at any indefinite length but com- 
mencing at the numerals as shown on the base line A to B, these curves 
being the continuation of the lines above them and also showing the actual 
position of the planes (that are cut hor izon tall y into or through the hood) 
from a plan view of the same. The next step is to extend the lines of the 
plan of the collar far enough into the body of the. drawing of the plan of 
the hood, so that they cut or intersect the curves that are numbered to cor- 
respond to them, as the line 4 extends to the curve 4. The line 3 and 5 
extends for 3 to curve 3 and for 5 only to curve 5; all the rest of the lines 
are treated in the same manner and connected to their respective curves. 
After this is done draw lines from the various points of intersection thus 
found, and extend them upward far enough so that their upper points of 
termination line in a plane horizontally to the respective lines, numbered 
the same as the lines just drawn, and connect them with horizontal lines 
as the drawings show. The upward lines as last described are all shown 
in the drawings by dotted lines. Where theselinesas described meet and 
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where the points of intersection occur in the jlan as the drawing gives, is 
the outline of the line of intersection of the collar with the hood, or in 
other words, the collar joins or cuts through its side on a line connecting 
the pcints as found from this point of view or plan. Then where the ver- 
tical dotted lines of the elevation connect, gives the points through which 
the collar cuts the elevation or side view of the hood. The dotted lines 
as shown in the elevation give the actual line of contact at the junction 
of tho collar and hood. This gives us all the necessary data to lay out the 
pittern for the hood and also to lay out the opening in the hood. 

To lay out the opening draw the curves, as shown in the envelope of the 
hood, intersecting the center line as shown. The distance down that the first 
point on it is to be, from the top curve of the envelope, is the same 
as the distance from point A' to 1 on line A' to B of the elevation; for 
curve 2 take the distance from point A' to 2 on line A' to B, and so on for 
all the rest of the curves that are shown. All these curves are to have the 
same center point for radius as the envelope itself would have if it were de- 
veloped by that method; at any rate the curves must have their correct 
required radius, so that they will dtvelop w T hen the envelope is formed to 
shape, tie outlines, or cutting outlines of the horizontal planes, to the verti- 
cal axis of the hood, or the frustum of the cone. As tbe center line of the 
hood miters and is joined by the center line of the collar, and both sides 
are alike, the respec ive distances can be taken from the drawings of one- 
half of the opening alone, which in this case has been done. To do this 
for the opening, transfer the distances as shown by the points 2, 3, 4, 5 
and 6 of the plan, from the center line or base line A to B. As the points 
7 and 1 are located directly on the center line no curves are drawn for them, 
but for the curve 2 take the distance on the curve 2 of the plan from the 



Fig. 99 


base line A to B to the point 2 on this curve and transfer the distance so 
found to the curve 2 of the envelope to each side of the center line, and 
the two points 2, 2, aie established. The same operation is to be performed 
for all the rest of the curves, and the distances to be transferred. When 
this is done the entire opening for the collar on this hood is completed, as 
as far as the laying out part is concerned. To lay out the pattern for the 
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collar for which one-half of the entire pattern is shown by Fig. 99, proceed 
as follows: Draw the entire stretch out as demanded; divide this into tw r ice 



as many equal parts as one- half of the entire collar is divided into, which 
in this case is twelve. Six parts being demanded for one-half as Fig. 99 
gives, I will only show so much in this case, the other half being an exact 
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duplicate of this part, only that it is on the reverse side. Draw the line 7 
to X as shown; on this erect the lines at right angles, which are the division 
lines as found for the six equal parts that the stretch-out has been divided 
into for this half. Now transpose the distance from point X to 1 of the 
topmost line of the side elevation of the collar to the line X, 1 of the pat- 
tern. For the line 2 transpose the distance contained in the line 2 between 
line X to 7 to the curve as shown in the elevation to the line 2 of the pat- 
tern. Do the same for aU the rest of the lines until the pattern is com- 
plete. Then connect the points thus found, as has been done by the dotted 
line in the pattern. This completes one-half of the pattern. The distances 
to be transposed are from the line X to point 7, and are bounded on their 
other end by the curve 1 to 7, the intermediate lines 2 to 6 being the 
lengths that are to be duplicated on the pattern, each one to its respective 
correspondingly numbered line. This completes the entire patterns in this 
problem. The next problem is in every detail similar to the preceding one, 
with this exception : that the collar is placed at right-angles to the face of 
the side of the hood, while that of the Fig. 98 is placed and fitted on a 
horizontal plane, or straighout. For Fig. 100, draw all the elevations and 
plans as has been done for Fig. 98. When this has been done drop the 
lines 1 to 7 to the base line A to B, from the side elevation, connecting fines 
in the manner as shown in the problem Fig. 98. Connect the bottom ends 
with the curves as shown. Then extend the fines of the plan part of the 
collar to their respective curves, and erect the upright fines, extending to a 
level with the points from where they were begun bylines as shown in the 
drawings by long dashes. At the points where last named lines intersect 
the short horizontal lines, draw lines, using the center point or apex of the 
cone of which the frustum is a part, as a starting point or guide, and when 
drawn so that they cut the intersecting points as found, continue the same 
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to the base line A to B. This operation is shown in the drawing. Etch 
one of these fines is numbered at the top end ; these numerals correspond 
to the respective fines to which these lines relate. This done, extend the 
fines of the side elevation of the collar until they intersect the lines last 
drawn. From the points of intersection thus found, drop fines to the plan 
lines from which the first set of fines were erected. At the new or last 
points found, the correct lines of junction of the collar and the hood occur, 
and at the upper ends of these same fines the fine of junction of the collar 
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with the hood is established. These last found and developed lines are 
shown in the drawing by small dotted lines. The method of obtaining the 
outline of the opening in the hood is the same as was used for that of Fig. 



98, as is also the method to be used to develop the pattern for the collar in 
Fig. 101, which is the same as was used for the collar of Fig. 99. Fig. 
101 gives one-half of the entire collar developed in this problem. In the 
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preceding problems the collars treated on were what are called rurnace 
men straight-out collars. One was a horizontal one and the other was on 
a rise. In Figs. 102 and 104 I will give the meihods to lay out what are 
commonly called right and left collars. Fig. 102 shows a straightout. or 
a horizontal collar, located on one side of the center line of the hood. 

The drawings are in every respect similar, 
and are to be drawn, with few exceptions, ac- 
cording to the general directions as given for 
the problem, Fig. 98. In this case I have 
drawn the entire plan of the collar. The 
drawing also shews the entire outline of the 
line of intersection of the collar with the hood, 
both in the plan and in the elevation. In de- 
veloping the opening for the collar in the en- 
velope the line 1 to 7 must be used for the 
center line of the collar, and for the measure- 
ments instead of the center line of the envelope, 
as in the other problems. This change is 
brought about by reason of the changed posi- 
tion of the collar on the hood, for when the 
cylindrical shape of the collar is moved around 
on the ever-changing outline of the cone in a 
horizontal or parallel direction with its base, 
the cylindrical shape of the collar not changing 
in the least, only L its position from light to 
left, it follows that the vertical line from the 
top to the bottom of the collar assumes a dif- 
ferent point of contact on the surface of the 
cone, whenever such shifting of position occurs. 
Just how much this is in this instance, jb 
shown by the point 1 on curve 1, and point 
7 on curve 7 of the plan. This distance has 
been transposed between the lines 1 to 7 and 
the center line of the envelope of the hood, and 
is also shown by the distance between the line 
A to X on the curve 7 to point 7 of the plan. 
All measures for the data must be taken to the 
right or left from the line 1 to 7 of the plan 
for the correct distances, for the distances on the curves of the envel- 
ope of the hood, use the line 1 to 7 for the center line. The data for de- 
velopment of the pattern of the collar, Fig. 103, is all so plainly shown in 
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the drawings that no furtner description of this part is necessary. The 
chief directions are similar in many respects to those given for the devel- 
opment of the collar. Fig. 99. 



The problem presented by Fig. 104 shows the collar at right- angles to 
the face of the hood, and as in Fig. 102, is a right or left-hand outlet. The 
general manner of finding these patterns is the same as used in the pre- 
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ceding Figs. 100 and 102. If the student thoroughly studies and masters 
them, this problem, being a combination of both the other two, it becomes 

, . a comparatively easy matter to find this pattern. 

f** £ There is some little difference in the disposition of 

the curves of the envelope which is brought about 

because in this case the inclination on the side of 

/°* the collar farthest away from the center of the cone 

/ is longer, and as a consequence brings the lines a 

little fari her down than those of the opposite side 
of the collars are. All these particulars are so dis- 
tinctly shown by the drawings that they become at 
once apparent to the student who has studied and 
fully comprehends the problems given before, by 
Fig. 98 and those following it. Fig. 105 shows the 
fully developed collar as the elevation and the plan 
of Fig. 104 calls for, and is developed by the same 
general methods, as have been fully described in 
\ the foregoing problems, which have only to be ap- 

plied for this case to attain the desired result. 
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In this chapter I will give some general rules 
and data useful to the student in making and ar- 
ranging casings, air- inlets, water or vapor pans, 
and directions to arrange fronts for furnaces, porta- 
ble or brick, and for setting them. I will show 
how this purpose may be accomplished in an easy 
and cheap manner. One great draw- back to many 
dealers who do not manufacture their furnaces is the 
wasteful way in which they are mounted and cased 
by reason of the style in which some furnaces are 
made. What is meant by this statement is that some makers of furnaces, 
when originally designing them, apparently gave no thought or considera- 
tion to the important and material -saving part, by having the casing rings 
properly placed and so distributed that the iron from which the casings 
have to be made would cut to the best advantage. In making up casings 
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for furnaces, it is always preferable to make them so that the iron will 
work in for the cir umference of the casings the long way of the sheets, 
thus saving time and labor by reason of having less seams, which would 
not be the case if the sheets had to be cut crosswise. By using the sheets 

[ lengthwise, a far better looking, easier fitting and smoother piece of work 
is the result than otherwise. 

If the casing ring is made so that it is situated at a distance so that 
any of the regular sizes of iron will be just right; that is, with only a 
small strip to be trimmed from it so that the sheet will be perfectly true 
and even, all would be right, but this is not the case in a good many fur- 
naces. Sometimes they are either too high or too low. Instead of making 
the ring just high enough that either 24", 26" or 28" wide iron will be 
right, it is often found that the ring when placed and fastened to the cast- 
ings is just a half or three-quarters of an inch higher than any of the 
sizes of sheets mentioned will do for. This necessitates the workman 
either making the casings of short pieces cut across the sheets, or else 
using for the long way a size of sheet two inches wider than the size 
would be if the manufacturer had made the height of the casing ring as 
common sense would have shown it should be, if any of this very desir- 
able commodity had been used in the original conception and make-up of 
the design of the furnace and the location of the casing ring. By reason 
of the rings not being properly placed, a strip one and three-quarters of an 
inch wide for the entire length of the sheet is wasted from each sheet used. 
It is not very encouraging or profitable for dealers to handle furnaces that 
are rigged up by such a wasteful method. The ideal furnace in this 
respect is one that has all its casing rings so arranged that to case the 
same, the iron will cut just right and without any waste. The correct way 
for the workman to get out a furnace casing is to trim the sheets perfectly 
square at the top, bottom and at both ends ; give the up and down seams 
f " lap and rivet them, the rivets spaced from 1" to 1£" apart. Use 10 oz. 
rivets for this purpose and have every seam lay up well. Head the rivets 
neatly, and a first-class job is the result, far better than if the seams were 
double locked and grooved. If the latter way is choosen to do this part, 
I would recommend to at least have the clumsy, bulging double seam put 
inside the casing, leaving nothing but the single crease outside to show 
where the seam is situated. One of the chief objections to grooving the 
seams together is that in beading the casings by reason of the four thick- 
nesses of iron at that point where these seams are, no smooth and even 
bead can be swaged over them, but this can very easily be done over the 
riveted joint by any machine, and also without the risk of ruining or 
straining every part of it. I would recommend to bead every casing, as it 
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adds much to the appearance of a furnace and also makes the casing 
stronger and st.ffer in every way desirable. One feature that every furnace 
casing should have, is that it fits snug and tight to the various rings 
throughout. To accomplish this is often rather difficult for the furnace 
man to do, as some castings furnished to him are made so rough and 
uneven, and the entire structure of all the castings so poorly lined and 
fitted that it is next to impossible to make a casing come right on such 
castings. My advice is to dealers, do not handle such goods, but buy from 
manufacturers who make well fitting castings, and who care enough for 
their reputation to see to it that goods that are sent out to dealers are 
perfect in this particular. I have seen cases where it became necessary to 
resort to considerable stretching and bumping with a raising hammer to 



Fig. 106 . 


make the back part of casing on furnace fit to clean out castings, making 
it appear as if the furnace casing, at that particular point, had bulged out, 
or had a very bad swelling, this being augmented by the botchy system 
of not trimming the sheets level for the casings in the first place when 
they were made in the shop. The foregoing is sufficient to show the im- 
portance of having good work done by the furnace workman on the casing 
and of having suitable and smooth casting on which to properly fit his work. 

Furnace casings are usually made in sections, in most casings there 
being three of these sections, The lower or bottom casing generally has 
the ash-pit door opening and sometimes the opening for the water pan cut 
out from its side. The middle part generally embraces the feed door sec- 
tion, while the top section is the one through which the smoke pipe passes, 
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ana in some furnaces the clean-out doors are fastened. This style requires 
three casing rings, as is shown by Fig. 106. Other styles have only two 
wide sections as in Fig. 107. Some furnaces have one casing ring at the 



the casing as Fig. 108 shows. 



Every portable furnace should have an inside lining. This should 
be of bright tin and of an equal height to the casing outside, and should 
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also be if possible one inch away from the outside casing, so as to 
provide a cushion or partition of air between it and the inside lining, 
this preventing any undue radiation of heat through it. The manner 
in which these inside casings are fastened to their proper places is 
shown by Figs. 109, 110 and 111. Some casing rings, as in Fig, 109, 



used to some extent. The sheets are first crimped as shown by the part of 
Fig. Ill and are then riveted to the casing, each sheet with from four to 
six rivets. Fig. 112 shows a special stake made for the purpose of holding 
on the nivets from inside, the rivets being hammered down and headed 
outside of the outer casing. A of this figure shows a rivet driven and 
headed; B shows a rivet drawn through the outer and inner casing, and 
ready to drive. The stake 0 is shown one-quarter size, but the face D is 
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about actual size. A suitable handle is provided for the stake whereby to 
hold it up against the rivet. The holder holds the lining sheet in the place 
where it is to be fastened, and also the stake until the sheets are all done 
M desired. F of this figure is the corrugated or critnped lining tin ; H is 



the outside casing. When the casing ring, as a good many are made, has 
no special lugs or an inside annular ring for linings as in Fig. 113 , a seo- 
tional view of a very good substitute is shown this can be made as the figure 



ehows out of any suitable piece of iron. These lugs must, as a matter of 
course, be made strong enough to hold the linings in place. 

By this method the lining tin can be made solid or in one continuous 
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piece all the way around as the outside casing is, providing the same is so, 
or the conditions admit of it being made as indicated. In case the outside 
casing does not go all the way around the ends of the lining must be 
riveted to the same in the proper place so that the same retains its correct 
distance from the casings at all times. B of Fig, 111 shows both casing 
and lining done this way. The Fig. 113 shows all the foregoing in detail 




connected with this mode of fastening. A A is the lining in position held 
so by the lug, made as described; the entire shape of the same is shown by 
C 1 to C®. E is the casing ring and B B is the outside casing. The best 
ring made for the purpose of holding both the outside casings and also at 
the same time the lining into its proper place, is shown by a section as 
the Fig. 114 shows. This style ring, as a matter of course, is only fur- 
nished with the more expensive styles of furnaces to the trade, these 
rings being the most expensive kind in use, and I may aid one of the best 
styles known. A A are the linings and B B the casings. C is the sec- 
tion of the ring as described. In this part of the same, as at C, there are 
at short intervals parts left out to let the air circulate between the 
lining and the outside casing; this is shown in the Fig. 109 to some 
extent. One advantage and saving of labor by using this style ring is that 
the entire inside lining can be made in one piece, the same as the outside 
casing is made, and the same can be slipped down into its final position in 
the furnace, that is, after the proper openings have been cut out of the same, 
so that it will allow the doors, smoke pipe, or whatever projection passes 
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through it according to whatever section the lining belongs to. The Fig. 
115 gives a detail drawing of another good method of fastening a lining to 
the casings. The figure shows the lining fitted into the furnace complete. 
This is done in the following manner: The lining sheets are first slightly 
broken or formed, then an edge one inch wide is turned at each end at right- 
angles, as shown in the Fig. 115. Place the sheet in position as wanted 



and fasten the same to the outside casing, each sheet with two 8-16" by 
1^" round-headed bolts. To prevent the lining from bending or laying up 
against the casing, the small ferrule as shown at A is put between the lin- 
ing and the casing, the bolt passes through this ferrule, then the nut is put 
on the bolt and screwed or turned tight, thus holding the lining tin rigid 
and permanently in place. Two bolts or fastenings as described are 
needed for each sheet of tin used. The foregoing method is a very easy 
and quick way of accomplishing the desired result, being in my opinion as 
good and cheap a way as could be used under the circumstances for this 
purpose. The main object and aim should be, when putting a lining into 
a furnace casing, to try and have the same to cover every part of the ex- 
posed outside casing as it is possible, and also to have it as smooth as pos- 
sible so as to allow the heated air to pass through and up the enclosed 
inside space between the lining and the heated plates of the furnace with 
as little friction as possible. Also see to it that the lining stands well 
away from the outside casing, as demanded by the directions given. The 
cold air which finds its way in from below from the cold air inlet, in be- 
tween the lining and the outer casing, gradually rises upward as it be- 
comes heated, and finally flows in and mixes with the heated body or 
volume which passes over the plates of the furnace. This amount of air 
which thus passes upward between the lining and casing by reason that it 
is not heated as much as the inner volume, as before stated, prevents the 
air from chilling and also from radiating any of its absorbed heat out 
through the casing, but directs the same to the outlets in the bonnet or 
hood of the furnace. It is very evident that to fulfill all the required con- 
ditions that the brighter the surface presented by the material which is 
used for this purpose the better it will serve the end aimed at. Bright 
tin-plates being the most suitable material and also the cheapest for the 
purpose, nothing else should be used. Bo not use roofing plates or, worse 
still, common black sheet iron, but if the cheapest stock must be used. 
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bright coke-plates are the best as a substitute for charcoal-plates, which I 
regard as the best for this purpose. 

Furnace casings for portable furnaces are generally made of galvanized 
iron, usually of either 24 or 26 gauge iron. For room heaters Russia iron 
is usually used. As these latter heaters are nothing more or less than fur- 
naces, hut cased with Russia iron casings, and differing only from furnaces 
in so far that instead of being used to heat rooms and apartments that are 
in most cases located above the room wherein the furnace is set, the room 
heaters are mostly used to heat the room or space wherein they are located. 
This being the case, I included this latter in the general description as given. 

In addition to the styles of casings already described, to make the list 
as complete as it can be as will be of interest to the student, I will also 
describe several kinds of casings not in the usual line as made by the 
average furnace firms. There are at the present some firms making casings 
that are somewhat similar to the casing as shown by the Fig. 108, but 
differing from this style, that instead of the casing being made solid, or 
riveted together in one entire casing only, they make them so that each 
sheet or section can be detached from the main body of the casing. The 
claim is that by being able to do this they can get at any part of the fur- 
nace any time to examine the same, to see if any repairs, etc., are needed; 
also, that they are more handy to be gotten at, etc., than furnaces 
that are not built that way. Just how they would manage to replace a 
broken or burnt-out fire pot without disarranging the entire structure, or 
even how it could be managed with all the elaborate and complicated fittings 
that are peculiar to this style of casing, to replace a part, as mentioned, 
with less cost or trouble than what the same operation could be done with 
a more simply arranged apparatus, is not so easily to be seen. Then an- 
other point: considering the first cost of this style, it is considerable higher 
than the styles usually mounted and set up by furnace men generally. 

Another style of casing brought out some time ago is also made in 
sections somewhat resembling the Fig. 108, but made of a composition of 
cement, plaster of paris, etc. This casing is made about from 1J" to 2J" 
/hick in exactly the same shape and form as the ordinary casing for 
portable furnaces are, but presents more of the appearance of a stationary or 
buck-set furnace when set up than it does like a portable one. This 
style casing possesses some CDmmendable points of excellence, although 
rather an expensive arrangement for the purpose. 

The practice in some of the smaller shops where but few furnaces are 
got out or mounted, and also in some of the more pretentious and extensive 
establishments, particularly in such where they handle peihaps a half- 
dozen different kinds and makes of furnaces, is as follows: I will assume 
that a certain size of some particular manufacturer’s or leading firm’s 
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furnace is to be mounted and fitted with a set of casings, while the very 
next job that would have to be done would be the mounting and fitting of 
casings for an entirely different kind, style and make of furnace, the-e two 
instances showing the wide range and diversity of furnaces that the work- 
men are called on to mount in this class of shops. The first step taken is 
to set up the furnace castings complete or as near as is necessary to measure 
and fit up the casings for the furnace under construction. It is understood 
that the proper place to set up a set of castings as mentioned should be a 
perfectly level floor. After the foregoing has been done, take the first 
casing ring as X of Fig. 107 shows and bolt the same to the iron front as 
at X of the same figure, that is, if the furnace mountings are of this class, 
with either two sections of casings or three as the case may be, and with an 
iron front. The shape of the casing of course may be either circular or 
oval in shape as the case may be. If no cast-iron front is used with the 
furnace as the style Fig. 106 shows, the height of the casing may be 
deducted from the height that it must be to clear the frame of ash-pit, door, 
etc., and also so as to come within a reasonable height from the frame of 
the feed door. For the second section of this style furnace casing the 
height of the same must conform to any requirements that this section of 
the furnace castings demands of it; the same also applies to the third or top 
section of this style of casing, being for this latter section the clean-out 
and smokepipe outlets and fittings. All the above deductions may be 
modified in so far, that is, so as not to conflict with absolute imperatively 
fixed conditions, as the positions of the height of the ash-pit door frame, the 
feed door frame and the smokepipe outlet, clean outs, etc., demand for the 
same to be, so that they conform to the most suitable and waste avoiding 
method to cut the iron for the casings as demanded for this style of furnace. 
This last consideration mentioned should never be lost sight of by the 
workman. Whenever it is in his opinion desirable to change the height of 
a casing so as to save stock and avoid waste, that is, if he possibly can do 
so, one way or the other, without too much trouble and also with some 
reasonable regards as to the proportions of the different sections that they 
are desirable to have to each other, as the casing will present when finally 
it is set up in position on the furnace. J 

Of course the latitude allowed in the foregoing to the workman, as to 
the determination of the various heights, etc., that he can make in the sec- 
tions, does not enter at all into the consideration of the height of the style 
of casings as shown in the Fig. 107, where the height of each section is 
already fixed by the position into which the casing ring is bolted or fas- 
tened, so that it cannot be altered, if the same should be fitted so that to 
make the casings as demanded cuts the iron to waste. All that can be 
done on this particular point is to perhaps continue to handle a furnace of 
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this class and bear the loss, or have some other manufacturer s furnaces to 
mount which are more sensibly designed so as to avoid this particularly 
wasteful manner of casing for the same. The workman, bearing in mind 
whichever points as given in the foregoing may apply to any particular job 
he has on hand of this class, may now proceed to take his measures and 
data for the casing. In the first place take a long metal strip and get the 
exact measure of the circumference of each and every casing ring that is to 
be used on the furnace under consideration. Be sure and measure both 
flanges of each ring, note the same, and in most instances it will be found 
that they vary from being the same in size as the other rings in most cases 
are, in some cases they run al the way from being §" smaller up to §" 
larger in circumference than any one particular ring, which I will assume 
it is intended to use as a standard measure. This annoying and bother- 
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some variation from what sizes should be, I have found in most all makes of 
furnaces. After the measures are taken for the circumference for each ring or 
place where the casings are to fit on with their extreme top or bottom ends* 
whether for round, oval or square casings, determine the height that it is 
necessary to have each section. Then lay out and cut tbe required pieces of 
iron for the same. 

When this is done mark off the front and back center line on the iron for 
each section, and allow for laps at the same time. When the sheets are to 
be riveted together use the largest p'eces for the front as shown by the Fig- 
ures 106 and 107, and have the laps so arranged from the front that they 
lay over the rear pieces, this on both sides of the furnace. For laying out 
the rivet holes, a very convenient gauge is shown by the Fig. 116. This 
gauge is made as wide as it is intended the lap should be, and the holes are 
made in the same exactly in the middle, spiced as far apart as it is desira- 
ble the rivet holes should be in the casings under consideration, either l£" oi 
ll'' apart. A bend or hook is turned at one end so as to enable the work- 
man t > hook this end firmly to the edge farthest away from him; drawing 
he strip firmly toward himself Le can mark off the holes as desired, on 
any desired number of pieces all being alike by reason of the hook or gauge 
at one end of the marker being employed alike on all pieces used. This 
working strip may be made 30 M long by wide as shown by A andB of 
Fig. 116. Next take all the measurements for each par icub,r opening, 
etc., that may be required in ary particular section of a casing. Note any 
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peculiarity, if any, about the lining up of the furnace and allow for this point 
if necessary. 

Mark all the openings and pieces that are to be cut out of the casings 
as found on the same, each in its proper place, and then swadge the beads 
as wanted before cutting out the pieces as found by the measurements 
described. The cutt ng out of these is the last operation which completes 
the casings, ready to be put on the furnace now in position on the floor and 
from which all the measurements have been taken. One point that must 
also be borne in mind is that a suitable allowance must be made for the 
openings in the casings if the same are cut out in the shop and measured; 
that is, the additional height that the cement, kaolin or pu r ty adds to the 
castings when the same are finally put up at a job, must also be allowed 
for while measuring up the data for the fittings. The foregoing give one 
one of the best systems how to do correct and good work in this branch, and 
is one that is to be recommended. In some large shops where mostly only 
one line of furnaces are handled, that is, of one manufacturer’s exclusive 
make only, a system as outlined as the preceding to obtain the correct data 



for the casings of furnaces, is also followed, the only difference in these 
latter shops, that is, if the same are conducted on the most approved plan 
of economy of time, labor-saving appliances, etc., the entire patterns of 
every section of any furnace that is made in these shops is gotten out by 
the methods as shown and patterns are kept on hand for future use. This 
of course is a matter of some expense and it would hardly be policy for the 
smaller shops to do so, simply by reason of their so often changing from one 
line of furnaces, to other makes and patterns of some other manufacturer’s 
goods in the same line. But I would advise for every workman to keep a 
complete record of every item in connection with any furnace that he 
measures. This may often save considerable trouble and work at times, 
and as a consequence, some expense, if such a record is kept. 1 have seen 
instances where men have been promoted tc positions of foreman and even 
more responsible and better paid situations by simply jolting down and 
keeping a memorandum of all data, measurements and peculiarities of the 
different sizes, etc., of furnaces that they worked on while working as 
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journeymen at the bench. The instances alluded to happened in shops of 
several of the largest firms in the furnace trade. These men, as is to be 
seen by the foregoing, took an interest in what they were doing, and that, I 
may add, in the right direction. Knowledge of this kind pays. 

One of the handiest — and very desirable — helps to be imde use of in 
swaging the beads on the casings is shown by the Fig. 117. This shows as 
revolving cylindrical drum with two heads, fastened one at each end, a rod 
being passed through and slipped into suitable fastenings underneath the 
lower part of a large size beading-machine, allowing the drum to revolve in 
the direction in which the machine is swaging the beads in the casing, and at 
the same time turning the same and also holding the casing so that the same 
does not kink or buckle while the beading operation is being done. The figure 
gives all necessary proportions to construct such an appliance. Of course, 
such arrangements must be made so that the general dimensions of the 
drum suits the general size of the machine on to which it is intended to be 



used. To give more directions than what has been given in this instance 
for the general or precise way in which a drum of this kind should be made 
would be useless. Considering the many different styles and kinds of 
beading-machines in use the student will readily see that this would require 
too much space and also necessitate wading through too much minute de- 
scription of all the different kinds of machines in use, and perhaps then 
by oversight the very kind that he is most interested in may have been 
omitted. For this reason the Figs. 117 and 118 are simply introduced to 
give a fairly good idea what is meant by this description. In some cases it 
may be necessary to provide entirely different fastenings for the rod to run 
in on the bottom of the lower arm of the machine that may be at hand on 
which it would be intended to put a drum attachment to, as described in 
the foregoing. 

The following gives the explanation of all the parts as shown: E and 
F are the fastenings to the lower arm, A is the rod which passes through 
these and also through the entire length of the drum, fastened solid to the 
same by the lock-nuts at B and B'. D is the drum pioper, and C is one of 
the rolls of the machine itself. The Fig. 118 gives an end view of all the 
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foregoing parts ; this view has been added so that the side view can be more 
readily understood and the relative positions of each part seen at a glance. 

In fitting the casings on to a furnace care should be taken that the 
inside linings are not cut out too much, but just sufficiently so that the parts 
intended to come through the same can do so and the lining does not in- 
terfere with the setting up of the furnace; that is, as all furnace men are 
aware, the linings must be cut out a little larger than what the parts would 
seem to demand in order so that enough play is allowed for the linings to 
be easily gotten into their final place and position when the furnace is set. 
One point to be particular in is to have the openings for the smoke outlet 
and clean outs fit tight on to the castings. The best way to do this is to 
cut the opening 3-16" or a smaller than what the castings demand. 
Then turn an edge with a special tool, or a ball- faced hammer, outward 
from the casing, making the opening large enough so that the part it is in- 
tended the opening is to fit over can pass through the same nicely. 

This same rule applies to any other part of the casings where outlets 
are to be fitted. It is the practice with some firms not to bead furnace 
casings that are intended to be shipped out into the country. This is done 
so that the same can be more conveniently rolled and packed together in 
smaller parcels. This serves this end well enough, but the casings do not 
look as well when finally put up as they would if the same had been beaded 
and shipped with a li title more trouble. This small item alone has often 
induced a purchaser to buy a furnace of firms who gave this point its due 
attention, in preference over those that paid no regard to this point in the 
case, and thereby lost a customer to whom they perhaps could have sold, 
other conditions being equal, if their furnaces had been gotten up in an 
attractive style, as those of their competitors were, namely, that the 
casings were beaded. 

In getting out casings for the type of heaters commonly designated as 
room heaters, one of tbje first considerations should be to ascertain for what 
purpose the heater is to be used, whether the space which it is intended to 
heat with the same is on the same floor, or, in other words, if the heater is 
to heat the room only wherein the same is put up, or if in connection with 
heating this room it is also intended to heat additional sp*ce or rooms 
located above the one in which the heater itself is located and put up. 

As it is the custom with most firms to put no linings into the room 
heaters which are intended to heat one room only, and that wherein the 
room heater is located, it may be of value to the student to know how these 
are arranged and also how to arrange and put the heater in shape, so that 
it answers to heat both the lower and also the upper loom or space. The 
methods are as follows : The casings are generally made of Russia iron 
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(American Euseia preferred) of medium gauge, the up and down seams 
either riveted or the seams are locked and grooved with the' groove on the 
inside of the casing. On heaters of this kind no hood is used, but mostly 
instead an open cast-iron screen is place 1 on the top of the same of some 
ornamental pattern. Some furnace firms do not put any top on their 
heaters at all, but simply put a rim at the top of the casing, which is in 
some oases of a fancy pattern, ornamented with a bras 3 band, as are also 
the rings around the casings tastefully beaded and polished. I may add 
that the last described style has a showy and very fine appearance when set 
up and all the parts are well polished. These heaters should always be 
made with the sheet running lengthwise with the circumferential way of 
the sections; this way they run with the grain of the sheets and have the 
best appearance, and the iron works to the best advantage in every respect, 
presenting less liability to crack or break in working, and particularly does 
this apply to the genuine Eussia iron with which the American market is 
supplied at the present day. 

Do not use the sheets crosswise if it possibly can be avoided, as this 
detracts greatly fron the general finished appearance of a set of casings, 
also makes more seams, more liability to cause the work to be uneven, more 
rivets and more waste of time, as compared with the shorter and better way 
of using the sheets whole. It may hardly be necessary to add that these 
casings are generally nicely and tastefully beaded. For those styles which 
have the air inlets above the floor or foundation upon which the heater is 
set, two or three cast-iron screens are placed or riveted to the lower edge of 
the casings over openings cut out of them to fit the same. Some room 
heaters also have foot rests or foot warming appliances affixed to the 
casings. Whenever a heater of this class has an outside duct to supply it 
with cold a : r, the screens as described are as a matter of course dispensed 
with. A full description of how these ducts are made and arranged will 
be given further on 

In the foregoing the common style of room heaters has been described 
The following method gives the best results where it is required of a room 
heater to heat rooms or space both overh?ad of the heater and also the room 
wherein the heater itself is set. Casings for heaters of this class should never 
be put up without linings, nor should there be any cold air inlet direct from 
the room wherein the heater is set into the heater; the fresh air should be 
taken through a duct from the ou'side. Heaters of this class are mostly 
put up in the basements of churches, halls etc., where the room wherein 
the heater is set is used for a school-room, meeting or class room etc., one 
large pipe conveying the warm air to the main audience or lecture-room 
above. In cases of this kind it will be found of benefit to have (hose parts 
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of the hood which have no outlets, etc., to interfere with a lining, also 
lined. So that when all the heat is required for the upper room, and all 
the outlets are shut off for the lower rooms, all the heated air will flow up 
through the pipe, and this without any heat being dissipated or lost through 
that portion of the hood which, if the same were not lined, would be very 
apt to cause such a loss of heat to a greater or less extent, the casing and 
hood being made of Russia iron, which, in itself a material which very 
readily would radiate or lose heat, is prevented from doing so by the inter- 
vening tin lining, thus saving this amount of heat for the room above, to 
which it is intended it should go. The arrangement of the outlets for a 
case of this kind is as follows: The large pipe leading to the upper floor 
may be put in the center of the hood, while the outlets for the lower room 
may either be located by the sides of the large pipe on the hood, using two 
circular registers to regulate the flow or amount of the out flowing heated 
air, or else the same purpose may be accomplished by using one large 
register, and this located in the upright pipe at or near the hood, the up- 
right pipe being provided with a tight-fitting damper above the same. The 
damper in the upright pipe enables a person to regulate the flow of air so 



Fig. 119 


that the same can be entirely cut off from going to the upper room and all 
flow through the outlets into the lower room, or the damper may be opened 
and the outlets closed so that it will flow up only, and none go to the lower 
room; and again the outlets and also the damper in the upright pipe may 
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all be opened, which will allow the air to flow to the two rooms at one and 
the same time, each room or space being supplied according to the capacity 
of the outlets to the same, whatever that may be in the case. The Fig. 
119 shows the entire outlets as described in the foregoing. A is the hood 
proper B B are the circular registers. C is the band of the hood. D is 
the upright pipe with the damper shown at the upper end, also showing the 
face of the register, which may be put in that position as shown in the 
figure. For the cheaper grades of furnaces some manufacturers do not 
furnish any water or vapor pans for the same. This being the case, it de- 
pends on the furnace-man to supply this deficiency as best as he can. As 
no regular size can be determined on with certainty owing to the variable 
degrees of heat of the air surrounding the vapor pan most of the time, I 
will omit to give any positive or arbitrary rules on this subject at this time, 




but will reserve it for a future special treatment in all its phases. As wat 
pans for furnaces are rarely made any larger than what the capacity of an 
ordinary water-bucket is, and in most cases even less, in fact, even if it 
would be desirable to have the water-pan larger, this could not be done, 
owing to the peculiar construction of most furnaces, as no suitable or larger 
place is provided for a pan than somewhere near the size as indicated for 
this purpose. The Figs. 120 and 121 show two styles of easily-made pans 
for this purpose. Fig. 120 is a pan made of galvanized iron having as few 
seams in the same as possible, rivet, stop cleats to the sides and bottom, so 
that the same cannot be pushed into the body of the casing any fuither 
than is desirable that it should go. The figure shows a side view of a pan 
made for a furnace or room heater placed in position so that the pan rests 
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on a brace provided for the same as shown resting on the top of the ash- 
pit. The pan is wired all around the upper edge, and open only on the 
inside of the causing. A moderately tight fitting cover is provided for the 
part which projects out from the casing. The opening which is cut out of 
the casing is to have a wire laid in all around its edge so as to make the 
same firm and strong enough to bear the strain imposed against this part 
of the casing so that the same does not bend or buckle when the pan is 
filled with water, even if it were not provided with a rest as shown, 
which would be the case if the pan were located on the side of the fur- 
nace casing instead of at the front part, as the Fig. 120 shows it in this 
case. 

The opening when completely wired all around must be made so 
that the pan fits into the same snugly, but not too tight; in fact, must be a 
good fit, and the job must be well made throughout. 

The Fig. 121 shows a cylindrical shaped water pan, and also a similar 
shaped sleeve or support to hold the same into position. The sleeve, into 
which the water pan is to fit nicely, is to be of equal length to the pan 
and is fastened to the casing either by being double seamed to the same or 
firmly cleated as shown in the figure. The sleeve as shown in the drawing 
has an open top equal to the size of the open top of the water pan. The 
water pan as a matter of course has a head at each end fastened to the 
cylindrical part. These pans are mostly made of galvanized iron well 
soldered at the joints with a handle provided at the front end to draw the 
pan out so that it can be conveniently filled, etc. In case this kind of a 
pan is to be used for a Russia iron casing an extra Russia iron cap or head 
is put on over the galvanized head of the pan, the handle of course being 
put on the cap as last put on over the first head. There are 
several other styles of water or vapor pans made to answer the purpose 
as set forth, but I regard the two styles given as being as good if not 
better than any other kind that ever came to my notice, and for that reason 
have given but these two styles, believing that they will meet almost any 
requirement that could be made of a oheap and good water pan that is 
located as low down as these are in a casing. 

In the cheaper grades of furnaces it is also customary to provide rests 
or lugs to lay the shields or trench-plates on, which are used^for them over 
where the cold-air duct connections are fastened to the casings. These 
plates are necessary in some furnaces which are set on a solid floor or 
foundation, as the Fig. 106 shows an example of. The cold air being taken 
in through the casing, either from the back or from either side, as the case 
may be, does not distribute itself by this method of entering the furnace as 
readily as it would if the same were taken in from underneath the furnace 
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by an underground air-duct and a specially prepared pit for the furnace to 
be located on or over. This being the case, and the air entering in one 
compact body at one particular point of the casing only, it has a tendency 
to rise at once; but in order to diffuse and to distribute the amount of air 
coming into the casing from the cold-air duct connection as much and as 
evenly as possible, the trench-plates, or shields, as some furnace men term 
them, are placed directly over the cold air inlet of the furnace casings, and, 
in order to be able to so place the plates, the before-mentioned lugs are 
fastened to the casing as described. It is almost needless to state that this 
manner of connecting the cold-air duct connections is one of the cheapest 
modes known to accomplish this result, and although not the best manner 
in which it could be done is nevertheless used by many firms on cheap 
work. The connection for the cold-air duct is made of galvanized iron and 
is usually made to extend away from the furnace casing to the extent of 
the width of a sheet of iron from which the cold air- connection is made 
and fiom which width the curve that is to fit on to the casing has also been 
cut out, from both the top and bottom sides of the connecting piece. This 
connecting piece is in some cases riveted or in others bolted on the casing, 
from which a correspondingly large opening has been cut, to allow for the 
passage of cold air to the furnace. Braces are also put into these connec- 
tions to make them stiff and keep them in shape. 

The Fig. 107 shows a cold-air duct connection which is let into the 
furnace only half of its height, while the other half is taken in underneath 
the furnace, which is set on a shallow pit corresponding in depth to 
half the height that the cold-air connection has, which is shown connected 
to the same in the Fig. 107. This style of a connection is a decided im- 
provement over the style shown by the Fig. 106, and is often made use of 
where it is impracticable to dig a deep pit for the purpose, but still desired 
to make a better connection than is shown by the Fig. 106. 

The inlet as shown by the Fig. 107 also requires that shields or trench 
plates be used over the same; these are put in as described for the other 
style. 

It is the custom in some shops to make for certain sizes of furnaces a 
standard size of ready-made cold-air inlets, each particular size furnace 
having an arbitrary fixed size inlet for itself, and I may add it is often used, 
no matter whether the demands on the furnace call for a few or many heat 
outlets in the hood of the same furnace. Question one of these workmen 
why an inlet (that is nearly a third size too email to fulfill the required 
duty that will be demanded of it when the furnace is in operation) is not 
made the proper size as the case demands it to be, he will probably say 
that the foreman gave him the pattern and so he made it as the pattern 
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calls for. Then if one cares to follow the matter up and inquires from the 
foreman how he arrived at the result as embodied in the pattern 
after which the duct-connections are cut, and that without regard to how 
few or how many outlets there may be to the furnace, I doubt if the average 
foreman could give an anything like a satisfactory answer. To state the case 
plainly, it will be found, that the real knowledge on this subject that the 
average furnace-man possesses is not what it should be; in fact, a good many 
are lamentably deficient in most of the se necessary branches which are of 
so much importance, and which they must necessarily be masters of to be 
what may be termed first-class men in furnace-work. 

The lack of definite information on the cold-air supply for furnaces is 
only one of the branches in which it would be of benefit to all concerned 
if more scientific and accurate methods were used in proportioning 
the supply of air for furnaces, than the haphazard methods which are 
mostly used by furnace-men, and which are at their best but guess-work. 
A full exposition of this subject will be given in these articles in due 
course. 

It may sometimes be desirable to change a casing of a furnace from 
a portable to a brick-setting. As for instance, if it is desired to add more 
heating or radiating surface to a furnace, in case of this being a portable- 
cased style, for which it is impracticable to use a portable casing after such 
a change has been made, the following gives an easy and cheap mode to 
effect such a change: The first point to be considered is whether the front 
is to be made with a flat or round back; this is determined by the shape 
that the front sections are made in. If the same are rounding, or some- 
what in the style as the Fig. 106 shows, the back of the sheet-iron front 
must be made curved or rounding, in order so that the back of the same 
w.ll fit and conform with the surface of the castings that protrude from the 
furnace proper, such as the ash-pit and feed-door sections. The furnace, as 
Fig. 107, shows would demand a straight back for a front of this kind. 

This point settled, the next step would be to make a drawing for the style 
front as wanted. The Figs. 122 and 128 show two perspective views of 
these fronts. Fig. 124 gives full detail drawings of both styles as indi- 
cated in the foregoing. This figure shows a front elevation, A; B is the 
lanp and C is the side elevation when done, it will be noticed that no 
measurements as to the height or width of the front elevation have been given* 
these considerations depending wholly upon the circumstances and conditions 
into which the front which it may be intended to make is to fit into and has 
to comply with. The height of most fronts made by this method are that they 
are made a little higher than the front feed-door frames or the furnace itself 
is, as at the point S" the distance to the point S of the lowest point of the 
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back of the front should be from 6" to 8" inches higher than the frame 
which fits around the feed-door section is. This of course is not arbitrary, 
but the workman may be guided by the fact that in the first place his aim 
should be to make the front look well — that is, high enough so as not to look 




squatty or too low down, bearing in mind at the same time that for this 
matter of looks or beauty, not to sacrifice too much of the utility or main 
purpose which the front is to serve; namely, to produce by this method a 
front which will answer every purpose it is intended it should for use, and 
that as cheap as it possibly can be, as is consistent with a first-class piece 
of work in this line. 

As to the width or depth of the fronts, as the side elevation 0 shows 
these are mostly from 5" to 9" deep, and made as to the flare that 
it should have in most cases as suits the taste and ideas of the per- 
son designing the front. Lay off a flange all around the front; three 
styles are shown for the top part or pediment over the front. Th s may 
either be made of sheet or cast-iron, as suits the fancy. If the front is 
made of sheet iron a §" by band isfto be formed and fitted to the f" 
flange, up one side to the top, there continued across the front, formed to 
whatever shape the front is made into, and then down on the o^her side 
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again. This band is to be nicely riveted to the flange, thereby strengthen- 
i D g and securing rigidity to the front. The bands are to project about 8" 
down below the lower end of the front as shown. This ii to have these 
projections bricked in at the bottom so that they cannot by any chance 
move away from their position; the fronts in fact, arc firmly anchored there 
by these projections. The other anchors, shown by the plan as at D' and E' 
and correspondingly by E and D in the side elevation and also in the front 
view, are so placed to s< cure to brickwork firmly to the front. The plan 
B shows a straight back and also two shapes by the dotted lines, one made 
a little more rounding than the other. Dotted lines are shown in the 
front view correspondingly as demanded by the le-ser curved back. These 
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fronts are generally made of 22 gauge black sheet iron, which is about the 
best thickness for the purpose, although I have seen them made of lighter 
material, I would not recommend lighter iron than 22 gauge for the 
purpose. These "fronts may be painted with asphaltum, which makes a 
good finish. Practical examples of fronts as described will be shown in the 
course of these articles in due time, showing how they are fastened to fur- 
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naces, how they are set in the brickwork and how to measure the open- 
ings that are to be cut out of the front, as the case may be, for the various 
connections, etc., that the back of the front has to fit over or on to; also 
where the back is or has to be made flat or, vice-versa, it has to be 
made curved or round. 


ELBOWS TEND CONNECTIONS. 

CHAPTER XVII. 

The next branch of furnace pipe connections which I will discuss is 
the different styles and kinds of elbows, such as those made of tin, galvan- 
ized iron and also out of the heavier grades of black iron and steel. I will 
first consider the common style made out of tin. Fig. 125 gives a full 
line of standard furnace pipe elbows, as usually made throughout the en- 
tire country by furnace men for this class of work. The style A is the four- 
piece square elbow made at an angle of 90°. B is the three-piece angle 
made of three sections of a square elbow, the miter line being the same for 
this style as for a 90° elbow, but the angle having only three sections. C 
is the four-piece elbow made with a rise of 1" to the foot, as the drawing 
shows. These elbows are usually called off elbows, by furnace men. As 
will be seen in Fig. 125 these elbows are also made out of three pieces, as D 
shows. It is customary in some shops to make 90° square elbows in three 
sections, but this is not so generally the practice as to entitle this last 
described elbow to be designated as one of the standard styles. The three 
styles of angles shown in this figure are two-piece angles. No. 1 is made 
of two parts of a five-piece elbow, or in other words, the angle that the 
mitre line for the parts of this angle is cut to, is the same as for a five- 
piece square elbow. No. 2 has the mitre line of a four-piece and No. 3 
that of a three-piece square elbow. These three st}'les are standard in all 
shops and are usually made up in quantities as stock. 

In elbow work, the first consideration is the kind of material out of 
which an elbow is to be made, next the general size as to its diameter, 
how many sections or parts the elbow is to be made of, then finally, what 
angle the entire angle or elbow is to have when finished, and how it is to 
be fastened together at its different joints, whether rivited, double-seamed, 
pinned solid or loose, so that it can be made reversible, if so desired. 
The foregoing is, in brief, the entire list of points that will 
have to be taken into account when an elbow pattern for any certain 
kind is to be gotten out in the course of ordinary work such as 
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occurs in all furnace shops. In the ordinary course, elbows that are made 
at 90°, no matter of how many pieces, certain fixed conditions are to be 
followed, such as the degree of the miter line or the height of pitch each 
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throughout all the sections of an elbow. In all square or 90° elbows, with 
the except on of a square or two-piece elbow, the first and last sections 
have but one height of the regular pitch added to the straight or cylindrical 
part of the same; all the intermediate sections have this height added 



twice to their regular cylindrical parts, which is also the width that the 
section is for the throat in this part. The added parts, as a matter of 
course, by being thus adder! to the outside part of each section, while there 
is nothing added to the inner curve of the throat of the elbow, cause the 
same to assume the rounding or curved shape that it is intended it should 
have to whatever shape it is laid out and designed. Thus in a three-pieced 
elbow the top and bottom end each has one pitch added while the middle 
piece has twice the pitch added, and as a consequence, if the outer curve 
is described as a quadrant, we say that tho same for a three pieced elbow is 
divided into four parts, and for a six-pieced elbow, into ten parts, etc., etc. 
Fig. 126 illustrates the foregoing in all its details. The quarter- circle 
represents the outer curve of an elbow as from 0 to B. C to A and A to B 
are at right-angles to each other. A to B consider as the diameter of an 
elbow. Divide the quarter,- circle into as many parts as the table gives for 
any elbow up to ten pieces or sections. The height that the first part will 
be on the line B C for any elbow desired, if divided as direct d, is the point 
at which a line di a wn from point A to the lice C B must cut it when so drawn ; 
the height so found is the highest point that the pitch of the miter line of 
any elb)w has for which the miter line is drawn on line B C, if drawn to 
the foregoing directions. The Fig. 126 also gives the degree of the miter 
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line for elbows made from two pieces which have a 45° miter line to a seven 
piece elbow whose miter line has 7£°. On the right-hand side of Lne C 
to B is given a talle showing how many parts the quarter-circle is to be 
divided into, according to the number of sections the elbow is to have, as 
for example, a four-piece elbow divided into six parts, a nine-piece elbow 
divided into sixteen parts, etc. Fig. 126 gives all elbows that will ever be 
used in ordinary work that are made to an angle of 90°. In case an elbow 
diagram as Fig. 126 shows, is desired for off angles or elbows which are 
to have a rise, or the quadrant is to be less than 90°, the line A to 0 can 
be changed to suit any desired degree, all the other particulars as given re- 
main the same with the exception that the degrees as given for the miter 
lines are changed to suit the occasion. The degrees given in the figure are 
only for right-angled or 90° elbows. As stated, an elbow, no matter what 
its diameter, if made of a certain number of pieces, is always made to the 
same miter lice, that is, a 4" elbow if made out of four pieces has the same 
pitch or inclination and the same degree to its miter line as an elbow 
which is any number of times larger in its diameter, but which has the 
same angle and is made of the same number of sections or pieces. This 



unity of principle is illustrated in Fig. 127. This figure shows a four- 
piece miter line, how the same serves for a 6" to 18" elbow, and I may 
add could be extended to an elbow of any diameter desired. The main 
point shown is the center line for each of the sections, this center line 
being the line which divides each circumference of each section into quar- 
ters. More lines could be shown but they would crowd the drawing too much. 
What is shown fully demonstrates the principle involved in this 
exposition as given by the Fig. 127. 

In Fig. 128 is shown the practical application of the various rules 
and adaptation of the principles referred to in the foregoing diagrams. 
The quarter-circle as shown from C to d gives the outer curve of an elbow, 
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the inner curve, of which one-half is shown by the line E to K, for the 
throat curve. The distance from point 0 to the line E K gives as divided 
the width of each section at the inner curve. If the throat curve were even 
nearer to the point 0 and also the outer curve relatively moved nearer to 
this point C, the miter, as a matter of course, would not change, no matter 
into how small a curve the elbow was made. The only change that would 
occur would be that the width of the throat in each section would be re- 
duced according to the proportionate distance that the curves are moved 



noted the curve is divided as demanded for this number of parts ; under- 
neath the line D to C is drawn the half-circle or half of the circumference 
of the elbow. Divide this into any convenient number of parts, the more 
the better and the easier it is to obtain the true curve that the miter line 
will develop on the stretch-out wh 'n the pattern for the elbow is fully 
drawn. Erect lines from points 1 to 5 from semi-circle as found to the 
miter line for the elbow demanded; transpose these distances as found to 
the lines as shown in the stretch-out X, One-half of stretch* out is only 
shown in this figure. The dotted lines show one method to develop the 
true height of the various lines. Another method is to use only the up- 
right lines for this purpose by transposing the distance on each line 
between the base line and miter line to the line corresponding on the 
stretch-out, to the line from which the measurement is t*ken above the 
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semi-circle. The same operation is done for any pattern desired for either 
of the other elbows, no matter how many pieces it is intended the same 
should be made out of, otdy observe that each operation is done as it should 
be so that each set of lines is correctly transposed as demanded. It will 
be observed that the stretch-out will answer for any number of pieces it ie 
desired the elbow should be made from, if the diameter of the desired elbow 
is the same, the only difference being in the height of the pitch of the 
miter line and also its curve on the stretch-out for the various sizes of 
elbows. On the right-hand side of the center line in Fig. 128 is shown 
the hight of the pitch of each miter line fully drawn out, which shows how 
the operation is done to obtain the result. Now in order to facilitate the 
quick and accurate determination of the correct height of the pitch which 
each miter line has for any size elbow from one to twenty-five inches in 
diameter and from a two-piece or square elbow to one made out of ten 


sections or pieces, the following table ha? been prepared : 
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2 


3 


4 


5 


6 


7 


8 


9 

10 

1 

1 


15/32 


9/32 


7 32 


6/32 


5/32 


1/8 


1/8 

3/32 

2 

2 


27/32 


18/32 


13/32 


11/32 


9/32 


1/4 


7/32 

6/32 

3 

3 

1 

1/4 


13/16 


5/8 


1/2 


7/16 


11/32 


5/16 

9/32 

4 

4 

1 

21/32 

1 

1/16 


13/16 


21/32 


9/16 


15/32 


13/32 

3/8 

5 

5 

2 

1/16 

1 

5/16 

1 



13/16 


1/16 


9/16 


1/2 

7/16 

6 

6 

2 

1/2 

1 

5/8 

1 

3/16 


31/32 


3/16 


11/16 


5/8 

9/16 

7 

7 

2 

29/32 

1 

7/ 8 

1 

3/8 

1 

1/8 


5/16 


13/16 


9/16 

5/8 

8 

8 

3 

5/16 

2 

1/8 

1 

9/16 

1 

1/4 

1 

1/16 


29/32 


13/16 

23/32 

9 

9 

3 

23/32 

2 

13/32 

1 13/16 

1 

7/16 

1 

3/16 

1 



29/32 

13/16 

10 

10 


1/8 

2 

11/16 

2 


1 

9/16 

1 

5/16 

1 

1/8 

1 


29/32 

11 

11 

4 

1/2 

2 

15/16 

2 

3/16 

1 

3/4 

1 

7/16 

1 

1/4 

1 

3/32 

1 

12 

12 

4 

15/16 

3 

3/16 

2 

3/8 

1 

7/8 

1 

9/16 

1 

3/8 

1 

3/16 

1 1/16 

13 

13 

5 

3/8 

3 

7/8 

2 

9/16 

2 

1/16 

1 

23/32 

l 

15/32 

1 

5/16 

1 5/32 

14 

14 

5 

3/4 

3 23/32 

2 

3/4 

2 

7/32 

1 

7/8 

1 

9/16 

1 

3/8 

1 1/4 

15 

15 

6 

5/32 

4 


2 31/32 

2 

3/8 

2 


1 

11/16 

1 

1/2 

1 11/32 

16 

16 

6 

19/32 

4 

1/4 

3 

5/32 

2 17/32 

2 

1/8 

1 

13/16 

1 

19/32 

1 7/16 

17 

17 

7 


4 

7/32 

3 

6/16 

2 11/16 

2 

1/4 

1 

15/16 

1 

11/16 

1 1/2 

18 

18 

7 

3/8 

4 25/32 

3 

9/16 

2 27/32 

2 

3/8 

2 

1/32 

1 

25/32 

1 19/32 

19 

19 

7 

13/16 

5 

1/16 

3 

3/4 

3 


2 

1/2 

2 

1/8 

1 

7/8 

111/16 

20 

20 

8 

1/4 

5 

5/16 

3 31/32 

3 

3/16 

2 

21/32 

2 

1/4 

2 


1 25/32 

21 

21 

8 

5/8 

5 19/32 

4 

5/32 

3 11/32 

2 

13/16 

2 

3/8 

2 

1/16 

1 7/8 

22 

22 

9 

1/16 

5 27/32 

4 

3/8 

3 

1/2 

2 

15/16 

2 

1/2 

2 

3/16 

1 15/16 

23 

23 

9 

7/16 

6 

3/32 

4 

9/16 

3 21/32 

3 

1/16 

2 

19/32 

2 

9/32 

2 1/32 

24 

24 

9 

7/8 

6 

3/8 

4 

3/4 

3 13/16 

3 

3/16 

2 

11/16 

2 

3/8 

2 1/8 

25 

25 

10 

9/32 

6 

5/8 

4 15/16 

3 15/16 

3 

5/16 

2 

13/16 

2 

7/16 

2 3/16 


The table is adapted to right-angled elbows only. The line of figures 
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at the top of the table indicates the number of pieces of which elbows are to 
be made. All other figures are in inches, the first or left-hand column be- 
ing the diameter of elbows, the remaining columns being the height of 
pitch required. 

As will readily be seen this does away with the necessity of drawing 
the entire diagram every time it is desired to obtain the height of the pitch 
of any certain miter line for an elbow. The height of pitsh for a three- 
pieced elbow is shown as indicated by 0 to W in Fig. 128 and is given in 
the table in column 3. In two-piece elbows the hight of pitch is the diameter 
of the elbow, and this column is added to make the table complete. No 
matter how large the sweep of an elbow, »the angle of pitch remains the same, 
and the only difference to be made in cutting the pattern is to add space as 
desired for the throat. Locks and seams are to be added. 

Fig. 129 shows a rule or method for different angles, or the rise for 
the elevation of elbows. As has been stat c d before, the rise usually given 



to furnace pipe elbows is one inch to the foot. The method given is as fol- 
lows, and is applicable to any size throat or any size elbow, and to elbows 
with any number of pieces: First draw lines a c and c b, of Fig. 129, at 
right-angles to each other. From point c, on line c b, measure off one 
foot, and perpendicularly from the point thus obtained erect line d to r, 
which is the desired height for the elbow to rise, or angle from a true right- 
angled elbow — in this case, one inch to the foot. 

From point c as center draw the arc a to r. From point r draw the 
line r c for base line. This will give the correct elevation, as proof clearly 

' 
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shows by the dotted lines c to z and r to m; these show the continuation 
that the elbow leads to, namely as in this instance 1 inch rise to the foot 
or 1 foot in 12 feet. The line c to x is one foot and from x to z, one inch. 

If an elbow of four pieces is desired, divide the arc or curve r to a into 
six equal parts ; if an elbow of three pieces or sections is wanted divide 
same into four equal parts. From point c for a four-piece elbow, draw 
line c to s, and from point n, where inner curve of elbow intersects line c s, 
draw line n to 1 parallel to line c r, and same intersecting line r s at 1. This 
gives us the pitch and rise for miter line for a four-piece elbow of the 
desired elevation. For a three-piece elbow the dotted lines from point k on 
the inner curve to points u and o on outer curve give the miter desired. 

I have also made a smaller sized elbow in the drawing to show how 
the rule works and is applied on same. It is, of course, not necessary to 
give the same size of throat as is given in the drawing nor the same out- 
side sweep. This rule will suit any case or sized elbow as may be desired, 
and as one becomes familiar with the working of the rule, some of the 
other lines need not be drawn out, but are here given to make the drawing 
complete. 

The above is given to get the complete data for side elevation which 
are necessary to develop the patterns for the different sections of an elbow. 
In this instance it may be allowable to introduce a so-called snap rule to 
develop the stretch-out. I have often used it and found it very handy, es- 
pecially when in a hurry. 

If Fig 130, is examined, it shows the usual long and tedious geometri- 
cal method of obtaining miter lines for both a two-piece and also a three- 
piece angle, both of the angles being of the same pitch. The solid lines 
are for a three-piece angle, and the dotted lines are for a two-piece angle. 

Now to do away with all this drawing, and to get a quick and very 
nearly correct method to obtain the desired result, suppose an angle is 
wanted as is given by the lines a to b and a to c,Fig. 130, the diameter to be 
as full drawing requires, proceed as follows: First measure off the distance 
which is the size of the diameter wanted, from a to b; do the same from a 
to c, and from points thus obtained, which are c and b, draw the line d 
from c to b. Then from either line a c or line a b draw at right-angles the 
line a to x as shown, the line a x intersecting lined at x. This gives 
the required elevation for miter line of a two-piece angle as called for; line 
d fiom c to x is miter line, a to x its height of rise, and a to c base line, 
which is size of diameter called for. The line x to a divided into half gives 
the point r where the mit6r line intersects, of a three-piece angle; r to a is 
height, a to c is base line, and c to r is miter line, as will be seen by dotted 
line in drawing. Twice the length of distance of line from points a to r is 
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the width of outer curve of center section. You must, of course, allow for 
laps or burrs for joining same together when cutting pattern. 

Compare this with the solid center section of full side elevation and 
see how much quicker this method is than the old way. When once accus- 



tomed to use this method you will use no other. This rule is absolutely 
correct for a two-piece angle, and varies so little on a three-piece angle 
from being absolutely correct, that the variation is practically of no mo- 
ment. 

To develop the stretch-out, Fig. 181, lay out the full length of circum- 
ference, as is shown from a to b,and divide this length into six equal parts 
as in drawing. Make the center line, No. 2, same height as required, as in 
this case for the two-piece angle of Fig. 130. Next divide the right and 
left lines nearest to the center line into four equal parts, and mark off one 
of these parts nearest to the top of each line; do the same as to spac- 
ing the lines nearest to the end of stretch-out, as lines No. 4 and r, but 
with the difference that you mark off one space at the bottom of each line 
as the drawing fully shows. Continue the center line indefinitely downward 
and with dividers strike the arc 1, 2and 3, cutting lines at points 1, 2 and 3. 
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Draw line b indefinitely upward, reverse the dividers, and with line b 
as center line draw the arc from point 5 to point 4, cutting points 5 and 4; 
do the same on the other end. Then draw a straight line from point 3 to 
4, and same from 1 to r. This completes the pattern. Allow for locks or 
laps on both ends and miter lines, of course. 

The method given in the foregoing may also be applied for the devel- 
opment of a full elbow, but where absolute accuracy is desirable I would 
advise to use the strict geometrical rule. 

Having shown how the preliminary data and necessary drawings are 



made and developed for elbows in general, the next step is to determine out 
of what size sheets the elbow is to be made. This determined, the material 
is to be cut the right length for the stretch-out or, in other words, the cir- 
cumference as demanded for the size elbow desired. In some shops the 
sheets are joined and grooved together and the right length obtained. The 
entire elbow is marked out, cut and then formed into shape as desired. 
Then again it is the custom in other shops to have separate patterns for 
each section, and if it takes more than the length of one piece for the cir- 
cumference, two separate patterns are used for each section, these marked 
off on the material, the separate pieces are formed into the proper shape so 
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demanded, then the pieces are folded for locks, and after all this is done 
the two pieces of each section of the elbow are joined and grooved together. 
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The foregoing gives in detail the two methods that are mostly used to ac- 
complish this part of the work on an elbow. I am of the opinion that the 
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first described method is the easiest and quickest way of k doing this work, 
although I have worked both ways. Some workmen whom I have seen 
would use no other way for this work than the last described method, and 
actually could do better and work faster than they could by using the other 
method. It depends upon how one happens to take to a certain way of 
doing work of this kind of elbows. I have given both ways ; the student 
has the choice. I have often 'seen cases where workmen, even if shown ar 
better and simpler way to accomplish a certain task, if they did not readily 
take to the method shown them, or perhaps unwillingly adopted the same, 
would or could not do as well as if they had been left to their own favorite 
way of doing the work. As I have stated before, some shops use only 
20"x28" tin for this class of work, while others use nothing but 14"x20" 
sheets. In either case, whatever the sizes used in a shop, the circumference 
of any certain size pipe and elbows are as a matter of course the same. 

In Fig. 132 is shown one of the handiest circumference rules that ever 
came to my notice. As will be seen, it is adapted for both 14"x20" and 
20"x28" sheets. It can be made of wood, iron, tin or steel, as the work- 
man cares to have it, or according to the amount of money he cares to 
spend for one. If made of wood, make it about 3-16 of an inch thick, 
about two inches wide and 27 J inches long, or as long as is customary to 
cut the sheets when squared. The length given is what this rule is figured 
at. If the 20"x28" sheets are used, the full length of the rule is for the 
full sheet, while the figures (say for 12" pipe) for the gore or small piece of 
tin are 10^"; thus 27|+10| = 38^" = circumference of a 12" pipe, 1" 
allowed for two locks. For a full size 9" diameter pipe or elbow, cut large 
sheet 27" as shown and gore 2£"; thus 27"2£ = 29£ = circumference of 
a 9" diameter pipe, 1" allowed for two locks. Two sheets cut the full 
length of a 27f measure make a joint 17|" diameter. The other figures 
explain themselves for the sizes shown. This for the side which has the 
measurements for 20"x28" tin. The measurements as shown for 14"x20'' 
sheets are the sizes to cut the material for the large piece 19 J and the 
gores as shown, as for 7" diameter, 3£" for 10" diameter, 12§", etc. 

A suitable hole to hang this rule up may be put in on one end as 
shown. If made of wood the lines and figures may be marked on the rule 
with ink or branded as deemed the most suitable. If of tin or iron, etc., 
the lines may be marked with a scratch-awl, or etched, as well as the fig- 
ures. Another handy rule made in the same style and manner as Fig. 132 
is shown by Fig. 133. This measuring rule gives the length of pipes in 
sections for both 14" and 20" joints. It gives the length of pipes made 
out of sheets the 20" way up to 7£ joints, each joint lapped 1£". Pipes if 
made the 14" way and 1£" lap are shown up to 11 joints. The three 
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spaces in the center show the number of feet the joints measure; each foot 
space is divided into 8" divisions. This rule can be made to any scale, 
and for that matter as long as desired; that is, the measure for any num- 



ber of joints can be shown if so desired. The most convenient length for 
a rule of this kind is, for shop use, 86" long or 8" to the foot, 2" wide, and 
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the thickness according to the material it is made of. These styles of rules 
are two of the most useful tools that could be devised to perfectly answer 
the purpose that they are designed for. The Fig. 133 is drawn to the 
foot. I would advise that one or two of each kind be provided in each 
shop where furnace work is done, as their cost is only a trifle compared 
to the time and figuring which they save. Having all the details 
arranged, I will assume that it is intended tomake the patterns 
for an elbow out of sheets of 20"x28" tin. The Fig. 134 
shows the patterns for both a four-piece and for a three-piece elbow 
complete. The four-piece elbow miter lines are shown by the continuous 
dotted lines, while the miter lines for the three-piece elbow are shown by 
the solid lines 1 and 2. I will assume that the patterns are for 10" 
elbows. In this case the large sheet is cut 27f " by 20" and is shown on 
the left of the grooved joint S, 2' S, 2. The piece is cut *§■" by 20" 
Center lines are shown for both the large piece as also for the smaller one, 
but are really not needed when the patterns are laid out by this method. 

In actual work, the width that the gore or inner curve is made is generally 
from 1£" to 2" wide for each section. This is shown in this drawing at 
1£" for the four-piece elbow; for the three-piece patterns no particular 
width has been figured on, but it is shown in the drawing as it is, so as 
not to interfere with the miter lines of the four-piece elbow patterns. The 
extra side elevation gives the shape which~the cylindrical envelope of an 
elbow would present if all the patterns had first been drawn out in the flat 
and then formed into the cylindrical shape as it is here presented. 

This operation is really all that is done when the drawings for the 
data from which the patterns are deducted are made but reversed. The 
elevation gives aU the miter lines of both a three and four-piece elbow, and 
shows the correct position which each section of an elbow has to the 
other before it is cut out of the sheet. After this is done the pieces are re- 
versed and the new position which each section assumes by reason of being 
thus reversed, causes it to have the shape of an elbow as the finished arti- 
cle presents. In this drawing, Fig. 134, the line 1 to 2 of the elevation is 
the base line; from point 2 to 3 is the height of pitch, and from point 1 to 
point 3 is the miter line demanded for a four-piece elbow. The height of 
this side elevation is assumed to be 20", and it is so arranged that each 
section has a space of 1J" for the inner curve; that is, the two sections 
next to the end sections are thus provided for, while the two end sections 
each have a much longer space allowed in order to provide and enable the 
same to slip over and into other similar cylindrical- shaped pipes for the 
purpose of making a firm and solid connection. How much to allow for 
every case of this kind when designing a pattern for an elbow is usually a 
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matter of individual choice with the person who is designing it. It is de- 
sirable to have at least two inches of lap for either end; three inches is the 
usual allowance for this item. In order to get the outline of the curve 
that the miter line has on the stretch-out, draw the semi- circle A to B on 
elevation; divide this curve into as many parts as desirable. In this case it 
has been divided into six equal parts. Erect lines as shown, then divide 
the stretch-out into twice the number of spaces that the semi-circle is divi- 
ded into. Draw the lines as shown by the numerals 1 to 11, then draw 
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the line 1 to X for base line; transpose the distances that the lines have in 
the elevation between the base line and miter line to their respective cor- 
responding lines of the stretch-out; when this is done for all the lines, trace 
or draw the miter line for the curve through the points or positions as 
found, and the pattern for this section is done. Do the same for each sec- 
tioif of the entire elbow as desired. The foregoing applies for both elbows 
as shown. It is understood that the foregoing operation is applicable to 
to all styles of elbows which have an equal diameter throughout, no mat- 
ter if the elbow is a right-angled or 9CP elbow or only an off elbow, or even 
a two-pieced angle. The same arrangement as has been shown for sheets 
that are 20"x28" can also be followed for 14"x20" sheets, as far as this 
s'ze tin will allow by using the tin the 14" way for height and the 20" way 
for girth or circumference of the elbows. Fig. 135 shows another arrange- 
ment sometimes made use of when the sections of elbows are drawn out 
and patterns are made for them. The idea in this case is to have the cen- 
ter of both the widest part of the sections as well as the narrowest come 
directly opposite each other, so that no cross-seam of the elbow is located 
either at the center of the throat or at the extreme widest part of the outer 
curve of the elbow. This style elbow presents when finished all its cross- 



ELBOWS AND CONNECTIONS. 


m 


common elbow has. This miter line as shown by curve C has only been 
developed to the stage described so far for line B, of Fig. 139. Tne same 
changes and consequent methods that are. used for line B will also apply 
for line 0, with the difference that they have to be suited to the conditions 
as presented by the position C of Pig. 138, for which the line G of Fig. 139 
gives the miter line. 

The first fact that must be considered in connection with line B of 
Fig. 139 is this— that the position which the outlet of the elbow assumes 
by position B makes it necessary that the sections be made longer so as to 
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•reason of this change from a normal position as shown by A'. This is 
shown by the distance from 8 to X' on line 3 to 8. This distance must be 
added above line B of Fig. 139 to the section 2, either to line B or to the 
center miter line of the elbow itself. Another consideration that has to be 
met in this problem is, that by reason of the altered positions which the 
different sections assume by the alteration of the normal outlet of the 
elbow, the miter lines have a little less pitch than they would have if the 
normal shape of the elbow had not been disturbed from that of a common 
s'raight-away curve. The difference that this change occasions is equal to 
the distance as shown from point S to X' of Fig. 138 in this case. Add 
cne-half of this distance to the pitch of the center miter line of both the 
sections 2 and 3 when finally laying out the stretch-out. This will give 
the elbow the perfect curve desired. The same conditions also apply to the 
entire operations for the patterns of the position oalled for by 0, modified 
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to the extent, that the measurements as that position demands be complied 
with. The stretch-out as shown by the Fig. 139 has only been drawn out 
as far as the first step described goes; the final additions to the various 
curves have not been shown. I leave this to the student to work out him- 
self, as it is comparatively a trifling matter, and as the whole problem 
drawn out would only cause confusion of lines in a drawing so small as 
that shown here. 

The Fig. 140 shows five separate and distinct styles of miter fastenings 
to join the sections of elbows together. 



The styles as shown by A, B and C are used for tin elbow fastenings. 
Of these B is the most used method and is, as the drawing shows, a burred 
edge overlapped by a wider edge and this pinned down by hand or a setting- 
down machine. This joint is what is usually called a plnned-down joint. 
The dotted line shows how the wider edge is bent over on to the narrower 
one and there made fast, as described. This style of fastening is generally 
used on the smaller sizes of tin elbows up to 10" in diameter. The smallest 
burr is turned out about 3-82" while the large edge is made to correspond, 
so that when turned over a good and per f ect lap is effected. When the 
elbow is finished the various joints are tacked with solder at two or three 
places around the circumference of the joints. 

The fastening C, as shown, is a double-seamed joint and is substantially 
the same as joint B, only that to make this joint the workman has to go 
one step farther in addition to all he had to do for joint B. and that is, he 
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has to hammer the joint over and down smoo hly as shown. This opera- 
tion is mostly done with the larger size elbows. This joint in itself is one 
of the strongest joints or fastenings used for this class of work on tin 
elbows, but I may add that an elbow when finished by this method is not 
nearlv as stiff and solid as it would be if made with the joint B as de- 
scribed. This is due to the stiff and unyielding shape the joint B is 
made into, while the joint C, when it is once hammered down, has nothing 
to back it up so that it will not yield to outside pressure. One of the neat- 
est and at the same time one of the most difficult joints to make on tin 
elbows is the style shown by A, F g. 140. This method is by using the 
turning-machine to make the shape of the bends as shown. This shaped 
fastening enables one to turn each section of an elbow thus made, so that 
it is virtually a reversible elbow. Every furnace man kaows how handy 
such a feature in an elbow sometimes is when putting up pipe and elbow 
connections and only a slight turn is desired, which cannot be made with 
solid jointed angles as the other sfcjles have. I may also state that this 
style of joint makes the elbow very stiff and strong. It is of course nec- 
essary that the joints are tacked as described for style B. 

The method shown by D is the usual joint used for sheet iron, steel, 
etc., for elbows of both the lighter as well as the heavier grades of material. 
This joint is called a riveted joint; the lap, a rivet and manner in which it 
is put together are all plainly shown in the drawing. In some of the 
heavier jobs the joints are first coated with either red or white lead, asbes- 
tos or putty, and are then put together and riveted. The usual mode of 
making an elbow of the heavier gauges of iron is as follows: First lay out 
the various sections needed for the elbows; be sure that enough material is 
allowed for the lap of each joint to each section as needed; then form the 
sections into shape as wanted and rivet the cross seam of each. Now pre- 
pare the first section of the elbow, which is the large end of the elbow, by 
turning the edge inward to the extent of the lap that it is intended the 
joints should have; then turn the edge of the next section which is to fit 
over section one outward on its inner or throat side. Draw in and stretch 
out the two sections until they fit perfectly and have the same lap all 
around as desired; then punch the rivet holes in the outside section, place 
the same onto the first, or section which goe* into the section two, and 
mark the rivet holes on section one. Take off section two, punch rivet 
holes through section one, then put both together again and rivet the two 
together. The same operation has also to be done for each joint in the 
elbow, they are all finished in the same way as described fur joint one. 
The foregoing method is used for a heavy iron elbow which has its joints 
between the sections riveted together. 
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The method used for fastenings, as shown by E of Fig. 140, is sub- 
stantially the same as that used for B, only on a larger scale in heavy work* 
The edges are heated and then turned over a square- cornered stake with a 
hammer. The last edge, as at F, is generally turned with the iron or steel 
cold. It is understood that this requires skill, good judgment how to 
manipulate the iron during the operation of turning the same, and last, it 
requires first-class material with which to do a job of this kind. Common 
grades of iron will not do for work of this kind. Use nothing but the best 
Juniata stock or soft steel for this purpose. 

In the following are given descriptions of some handy tools for elbow 
work. 

Fig. 141 shows two styles of casing-knives used to open seams, lock 
joints, etc. One style is shown by A with two flattened end edges, while 



Rg. 141 . 

the style B has the blade flattened at one end only. This style is provided 
with a wooden handle. These are very serviceable tools, in fact, are neces- 
sary to the workman if fast work is demanded. They are made of steel. 
Any old file f" wide by 8" long; will do if it is about thick, to 
make either tool of. Draw out the two ends as shown, bent slightly at the 
ends with a very thin edge and tempered so that they will stand the wear 



that they are subjected to in this work, and also to put casings on the cas- 
ing rings of furnaces. 

Fig. 142 shows a shape for a very handy stake in use in some shops to 
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set down seams, etc., in this work. All particulars as to how it is shaped 
are fully shown in the drawing, also all measurements needed so that a 
model of wood or of tin can be made and from this, one can be cast of 
iron. If one is made of cast-iron, the edges can be smoothed by filing or 
planing to make the stake suitable for fine work; further comment as to 
the usefulness of this tool would be superfluous; its worth is at once appa- 
parent to the student. 

Fig. 148 shows the two wheels of a setting-down machine as ordinarily 
made. It is known to all furnace men that the bulge outward on the up- 
per wheel A is one of the most troublesome hindrances that could be de- 
vised to the easy setting-down of the seams on elbows; particularly is this 



the case when that part of the seams is to be set down that is at the throat 
part of an elbow. To remedy this, I would advise that the upper wheel be 
taken out and the chunk be turned out as far as the dotted line C shows in 
Fig. 148. This will be found a great improvement over the style shown by 
the solid face as it now is in these machines. 

In Fig. 144 is shown a front and side view of a pin'ning-down hammer. 
As will be seen by the drawing, the front and the left-hand side pane of the 
flat of the hammer have a slight projection out from the body; this feature 
and the delicate outline of the entire tool make it the best shape that could 
be devised for the purpose of setting down seams. The drawing gives a 
half -size view of the hammer. A tool like the drawing shows will have to 
be made by a blacksmith, as it seems that the manufacturers of tinners’ 
hammers have not as yet arrived at that point where they design tools of 
this class, or that the best shape, the comfort or the convenience and 
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wishes of mechanics who really use this class of tools are consulted. It 
appears to me, to judge by the samples of hammers on the market, that 
the roughest, clumsiest and most unhandy shapes are the kinds offered to 
mechanics to work with. If a more suitable tool is desired, all the work- 
man can do is to have it made to suit himself by some blacksmith. To 
help those who really desire the proper shape so that good, neat and fast 
work can be done by workmen, I submit the shapes as shown. 

Pig. 145 gives two one-third-size drawings as to length of another 
style of pinning-down hammer. In some cases one end of this hammer is 



Fi S' 144 - Fig. 145. Fig. 146. Fig. 147 

sharpened and is used as a cutting tool to cut pipes, etc. This tool may be 
made one inch wide, face view. Fig. 146 shows a one-third size view of a 
setting-down and riveting hammer. This is a very handy tool. Fig. 147 
is a front and side view of a very fine riveting hammer. This drawing is 
alf size of the desirable size such a hammer should be. Fig. 148 shows 

two views of a good riveting, flanging and stretching hammer. This style 

can be made to suit the workman, as also can the flat and ball- 
face hammer, as shown by Fig. 149. Fig. 150 shows one of the most 
useful and handiest tools used about a furnace-shop for sheet-iron elbow 
work. It is made of cast-iron; all the measurements are given in the 
drawing. This tool is bandy to hammer down the inside edges of sheet- 
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ing, flanging and flat-face frame hammer. The length is usually 6" long 
and is made in weight to suit the fancy as well as the requirements. 

A few words as to the general finish and care of a kit of hammers. 
It will be noticed that wherever practical the hammers as shown in the 
drawings have the sharp edges neatly chamfered out at the sides, etc.; this 
gives to these tools a neat appearance and on some hammers adds to tfyeir 
practical usefulness in so far that it entirely obviates the possibility of these 
edges injuring work, which they often do where they are sharp edged and 
not finished as shown in the drawings. This half-finished feature is al- 
most in every case the property of nearly all styles, shapes and kinds of 
tinners’ or sheet iron workers’ hammers now in the market. In contrast 
to this fact, see the tools used in most all other trades — for instance, the 
machinists’ hammers. See how well balanced and correctly proportioned 
they are in every detail conceivable to meet the requirements of a perfect 
tool for which they are intended to be used. Then the carpenters’ ham- 
mer. It will be sufficient to state that to bring this tool to the high state 
of peifection as to the shape which it has at the present diy, Maydole 
has devoted his inventive genius and a lifetime of study. The result is a 
perfect hammer for the purpose. It would seem that in our trade a lot of 
old scraps, shaped somewhat in the form of tinners’ hammers, had been 
thrown into the tumbling box of some foundry and the result, when these 
had been tossed and mixed together for a short while, is the tinners’ ham- 
mer as it is. The only remedy seems to be for mechanics to have their 
hammers made by a blacksmith. The shapes as shown are some of the 
best for the purpose as described. Wuen so made, have them polished up, 
then do not allow every material butcher (the term is applied to rough and 
botchey workmen), to use your tools. I have seen cases where green hands 
have taken light, sharped-edged setting-down hammers (whose faces were 
smooth and level and only intended for delicate material, such as plan- 
ished copper and for neat smooth work), and used them on rough castings; 
in fact, ruined them so that they were useless for the purpose of doing' 
smooth work thereafter. The foregoing aptly gives force to the point that 
when good and proper tools are provided for workmen to work with, which 
by the way, are the only kind with which quick, smooth and accurate work 
can be done, have only such men to work as will appreciate and take 
proper care of the tools that are entrusted to them to use. In no branch 
of furnace shop work is it so necessary that every tool, machine and con- 
dition be just right to accomplish a fair amount of well-done work in a 
certain length of time as in elbow work. The average quant ty of elbows 
for a day’s work in shops usually is from two dozen to two and a halt 
dozen 10 or 12 four-piece elbows, but I have seen men who have and 












J 


ELBOWS AND CONNECTIONS. 


156 


do turn out three dozen well-made four-piece elbows in four and one-half 
hours’ time. It is needless to say that these men have every tool and ma- 
chine used for the purpose as they ought to be, that is, just right, and as a 
consequence can achieve a great deal more than others who are perhaps a 3 
good mechanics otherwise, but who have not their tools in as good a con- 
dition. The other and most needed appliances for elbow work are pliers 
and a prick-punch to punch through the cross-seams of the sections, so 
that they cannot come apart while the sections of the elbows are being 
joined and fastened together. Marking awls, etc., etc., are found in all 
shops and no special mention is necessary ot these in this instance. The 
main aim should be to have all tools in such shape and condition that the 
best possible results can be obtained with their intelligent use by com- 
petent workmen. 

The next style of elbows which are described in tha following are 
tapering elbows, such as have a larger area at one end than at the other, 
or smaller end. The inlet, or, vice versa , the outlet is either smaller or larger 
than the other end of the elbow. In Fig. 154 is shown a combination of 
two cylindrical-shaped parts united by a tapering section as A shows, 
forming what may be termed a double-angle or tapering elbow. The 
method that is shown in this figure to develop the required pattern for 
the center section A is one which is shown in almost all of the so-called 
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pattern books for tinners. By this method it is attempted to show how to 
lay out the envelppe for the shape A by following the time-worn and the 
much misused as well as misapplied method of using the envelope of a 
cone to accomplish the correct solution of this problem. The first step 
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advised by these books generally is to draw the semi-circle 1 to 7; divide 
this into as many parts as desirable as shown, erect lines to the dividing 
line 1 to 7 between the large cylindrical part and the tapering section. 
Then draw lines from points 1 and 7 to point K; these lines as drawn, if 
they cut points 8 and 9, will establish the position of point K as shown. 
Then connect all the points from 2 to 6 likewise with point K and u ing 
point K as center, describe from all the points of intersection the curves 
from lineK to 1 as shown. Make the distance from 1' to 1" equal to the 
circumference that the section A. has at line 1 to 7; connect 1' and K with 
line 1 to K; divide the space between 1' and 1" by twice the number of 
equal spaces as are contained in semi-circle 1 to 7; connect these spaces by 
lines as shown in the drawing and where these lines cut or intersect the 
curves as drawn before, it is claimed that the line, which is miter line for 
section A, is located. This problem as solved may do well enough where 
it is not necessary that work must come just right or where one need not 
be over-particular how the work looks when finished. But in case this 
problem as solved is applied to pipes of large diameter, as in some jobs of 
ventilating pipes, the discrepancy of just how much it lacks from being 
correct will become most glaringly apparent. The reason why the solution 
as given in Pig. 154 is not correct, is explained in the following: As has 
been shown before in these articles, it is a well-known fact in geometry 
that a cylinder which is cut by a plane at any other than at a right-angle to 
its central axis, describes in outline where so cut an ellipse or elliptical 
curve. This is the case for both the large as well as the small cylinder, as 
shown in Fig. 154. Now, in order for the section A to form a perfect 
junction with both the bottom as well as the top elliptical shape as pre- 
sented by those parts, it must as a consequence also be elliptical at both of 
its ends. This it is not as developed by the method shown by Pig. 
154, but instead, presents a shape elliptical to some extent, but having a 
greater distance across on lines that are drawn at right angles to the center 
line 1 to 7 as points 2 and 8 would show, than at lines ff drawn from edge 
to edge at points 5 and 6 and also at right-angles to line 1 to 7. Thus the 
perimeter or outline as presented by the shape as developed would be in 
the form of an irregular oval instead of the true elliptical curve that it 
should have to form a perfect junction with the cylinders as demanded by 
their outlines on linesl to 7 and 8 to 9. 

In order to develop the correct shape for this part, the following 
method is to be used: Draw the correct outline of the side elevation of 
this part. For the plan of both the top and bottom ends draw the correct out- 
lines as presented by the elliptical curves of the ends of the two cylinders. 
Then use the system of triangulation as shown for the shapes of this kind 
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in preceding chapters. This would be the only correct method to use if an 
absolutely correct pattern of shape A of Fig. 154 is desired, for it cannot be 
•obtained in any other way. 

In the drawings as presented by the Figs. 155, 156 and 157 is shown 
Sr 
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a complete exposition of the development of a, complete elevation of a 
tapering elbow at any diameter at either end, then how the different sec- 
tions appear in an out-line elevation on a frustum of a cone and a complete 
pattern for the entire sections developed by the method used to obtain the 
envelope of a cone. Although this is not the strict geometrical method to 
obtain the desired result, it answers well enough in most cases. I will 
also show the points of difference between the two systems to their full ex- 
tent, so that the student can use either one, as he chooses. It often hap- 
pens that the first mentioned method saves time, especially on the smaller 
work where it is not so particular that every joint is so precise as in larger 
work of this class. By this it will be seen that it is often advisable that a 
short method be used to attain a certain end if the same serves the purpose 
almost equally as well as a more elaborate and consequently longer 
method would. The most difficult part of obtaining the right proportions 
of an elbow of this class is in the first steps, when drawing the elevations. 
In the following description is given one of the best methods by which the 
desired elevation of any tapering elbow can be obtained and developed up 
to the stage at which it is necessary that it should be, in order that all 
the following data can be deducted therefrom. The first step is to draw a 
side elevation of an elbow as described; this is done in the following man* 
ner: I will assume that an elbow required is as the elevation shown by 
ABO and D of Fig. 155 demands. Draw the right-angle 0 as center to 
S S. Describe in the square the outlines of an ordinary elbow of the same 
number of sections as it is intended the tapering elbow should have. The 
Fig. 155 shows a five-pieced elbow. Now the idea is that the taper of all 
the sections of the elbow wanted is to be graduated so that it is a gradual 
one from the first or starting section, to the end or smallest section of the 
elbow. The method to accomplish this end is shown on the miter line of 
each section. On the first division line it is shown by part one, on the 
second line by two parts, the third line by three parts and last the fourth 
line by four parts, or the entire difference between the smallest end of the 
taper elbow and its large end. Each miter line has one part less than the 
part below it, commencing from the bottom or large end up. The same 
manner of dividing the space on the outer curve is followed on the inner 
curve. All this in plainly shown in the drawings. After the points where, 
the outline for the taper elbow cuts the miter lines of the various sections 
has been established, connect these points by lines as shown and the out 
line as described for a symmetrical and well-designed tapering elbow is ob- 
tained. This leaves the end sections only half as long as the inner sec- 
tions are at their inner curve. In order to give to these sections a more 
gradual taper, if it is so desired, the extra lengths as shown between the 
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ines C D and 0 S may be added and the connecting outlines of the large 
section may be drawn from point C to 1' for the inner curve and from D 
to 1' for the outer curve. The same addition may be made to the smaller 
end. 

The steps shown for this problem so far give only the method to de- 
velop the outline of elevation for this style elbow. The student has the 
choice to either use a method of triangulation, such as has been described 
in these articles, or, if he so chooses, he can use the method described in 
the following to attain a solution of this problem. Draw the semi-circle 
G K D; divide it into any number of equal parts as desirable. In this case 
it has been so divided into eight equal parts. Do the same at the small end 
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Fig. 157. 

The next step in the course of this operation is to determine the height 
or length of the frustum of the cone as shown in Fig. 156. As the solu- 
tion of this problem is nothing more or less than the correct division of a 
cone by the miter lines as demanded, so that when the sections which such 
division of the cone produces are reversed and so placed together they 
form the complete elbow as demanded by the elevation, Fig. 155, the first 
necessary item that must be known is the real height of this cone, so that 
from it the data for the stretch-out can be obtained for all the sections 
needed to complete tne envelope of each. The manner in which the 
height of the cone is obtained is as follows : First take the length of each 
as shown from A B and C and by the numerals 1 to 7. In this figure is 
also shown the small end of the elbow in shape of an oval. This form is 
only shown m connection with the regular tapering elbow to illustrate 
how the same elevation and general method can be used to develop that 
style of elbow, only with the difference that the shape of the envelope 

mLLte it a, it- 


ELBOWS ANT) CONNECTIONS. 


It 1 / 


line shown on the inner curve of the elbow as from 0 to X or 1, from 1 to 
2 , etc., up to 4 to B ; this added together will give the length as shown by 
column 1 from point F to point 5 shown in Fig. 155. Then on column 
1 add the distances that the pitch of the miter line has, from points H to 
R for the first miter line X to 1; do the same for the three remaining 
spaces or distances as from points K to L, I to G and P to Y. All these 
distances it will be seen have been added together on column 2, from 
point Y to 4. Now add the entire length of all the distances on both 
columns together. This gives the length of the center line of the cone. 
Fig. 156, from point X to X'. The outlines as from B to D and A to 0 
are to correspond to the diameters of the large as weil as the small end of 
the tapering elbow and are so shown in this figure. Now draw the miter 
lines in their correct relative positions from each other on the elevation of 
Fig. 166, as deducted from the Fig. 155. Also draw the two semi-circles 
as shown; divide these into as many equal parts as demanded by the eleva- 
tion arid connect the same from their points of inter-section on the lines A 
to B and 0 to D with each other, by lines as shown. The next step is to 
draw the envelope of the cone Fig. 156. This is shown drawn out in Fig. 
157. The envelope has been divided into twice the number of parts that 
the elevation of the frustum of the cone, Fig. 156, has been, as shown by 
th® numerals 1 to 9 on the stretch-out of Fig. 157. Each distance on the 
iJig. 166 has been transposed to the stretch-out for that section, showing the 

"u de T el °P m “ t °f each miter line in this elbow in full. The sections 
when developed as described may be cut out and formed to shape as de- 
manded, so that when all the sections are joined together a complete taper 
elbow, both ends being at right-angles to each other, is the result. In the 
foregoing easy method the different sections are to fit to each other by thus 
reversing the sections as cut out of the stretch-out. This is shown in Fig 
156 by the sections 1 and 2. The point 1 of the section remaining station- 
ary, point 1 of section 2, is turned aroun.d so that it comes to where point 
1 of section 1 is located, thus causing the elbow, when all the rest of the 
sec ions are similarly turned, to finally assume the shape desired. As a 
matter of course, the sections developed by these methods all have the 
same angie for their miter lines and it is also true that the miter line 
which cuts, say between section 1 and 2, causes both these sections to 
have the same circumferance or length of outline, but it does not leave 
them m the same shape relatively that they had before they had been so 
cut. It is a well known fact in geometry that the outline of a cone which 
is cut by a plane at any angle other than at right-angles to its axis shows 
he outline so cut to be in the form of an irregular or egg-shaped oval and 
riot, as is often erronously assumed, in the shape of a perfect ellipse. The 
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absolute correctness of this statement can very easily be verified by the 
student by his taking a few measurements of the cone under discussion. 
Take the miter line A to T at the point 0 or the center where the greatest 
diameter of the cone occurs. on a plane at right-angles to its axis, and 
which is also the only place where two points have the same relative posi- 
tion to each other on a plane oblique to the axis of the cone. 

Now the distance through the cone at point N is less than at point t, 
and this by reason that the point N or points n n are located higher up 
where the cone is smaller than it is at the location of' points 1 1, although 
both the points n and t are an equal distance away from the center 0 and 
all in one plan. This as a consequence proves that the outline of the 
plan, as cut by the miter line, does not show in the shape of a regular 
ellipse, but in the form of an irregular oval. This difference of shape, 
especially on small work and more so on an elbow which is developed by 
this method, which having only say three sections makes it more difficult 
to put the same together, than if made out of four or more sections. The 
more sections an elbow is made of by this method the more perfectly the 
pieces will come together, and, as a consequence, the better they will fit. 
In a four or five-pieced elbow, the difference is not so great but that the 
pieces can easily be formed so that a good joint can be effected. But 
where absolute correctness is desired, I would advise that the sections be 
laid out by systems of triangulation , as shown before; thip will enable the 
student to perfectly match the sections together, so that they fit correctly as 
they should do in the best class of work. 

In Fig. 158 is shown a combination .elbow, or an elbow with two out- 
lets from one pipe, both being at an angle from each other, or in other 
words, the Fig. 158 shows a two way Y, the combined area of both outlets 
being the same as the area of the inlet. This problem is often met with 
in furnace work where it is desirable that two smaller pipes be supplied by 
a larger one, as two 9" pipes leading from a 12" or from a 18" one. 
The neatest and simplest way to attain the desired combination of these 
pipes is by making the two smaller pieces in the shape of tapering pipes, 
so that the large end of each is as the largest pipe, the smaller pipes, when 
tilted as shown in the drawing, to be of the size required. Then the two 
smaller pipes are cut so that they miter together as the line A to B shows 
and both miter to the large pipe, as the line C B to D shows. The opera- 
tion of solving this problem is as follows: Draw the correct outlines of 
both the smaller as well as the large pipe, all in their correct relation to 
each other as desired and presented in the drawing, Fig. 158. Next draw 
the center line H to K; draw line F G at right-angles to the same. Draw 
the semi-circle FKG, also the smaller one at the other end. ^ Divide both 
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Fig, 158; 
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semi-circles into equal parts as shown in the drawing by six parts; connect 
these to the lines from the large semi-circle, which are at right-angles to 
line F to G, as shown by lines 1 to 7. This completes the necessary pre- 
liminary drawing for the data for these parts. The next step is to lay out 
the stretch-out for each one of the tapering pieces that join together and 
also to the large cylindrical part, which part needs no particular descrip- 
tion, being only a simple cylinder of the diameter as given and of the 
length desired. The first operation in order is to lay out the envelope of a 
frustum of a cone as shown. Draw the outline of one of the desired taper- 
ing parts, a duplicate of the one shown in Fig. 158. This has been done 
in Fig. 159. Next divide the entire envelope in twice the number of equal 
parts that the elevation is divided into. The miter lines in the elevation 
are shown by the solid lines. Next transpose the distances on the solid 
lines in the elevation to their respective corresponding dotted lines of the 
stretch- out. This has been done for all the lines in this nroblem. The 
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point 3 corresponds with 8' of the stretch-out; 2 with 2' and 2” and so on 
to point M 0. The same with line 1 of the back center line to 1' B 0 of 
the stretch-out. After all the distances have been transposed as demanded, 
draw a free-hand line through the points as established and the miter line 
for the entire envelope of one partis complete. Make a duplicate for the 
other part from the part just developed. This done, form the two parts to- 
gether and fit them to the cylinder or large part. All locks and whatever 
way these parts are to be joined together, are to be allowed for before the 
templates are cut out. I may suggest to the student that the neatest man- 
ner of joining these parts together would be to double-seam them 
together. First join the two tapering parts and then connect them to the 
large pipe or cylindrical part, as the Fig. 158 shows them. 

In Fig. 160 is presented a different style of joining two small outlets 
to a larger inlet. This figure shows how two tapering elbows of a smaller 
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diameter at the outlets miter to a larger pipe and is a somewhat more diffi- 
cult problem than presented by the Fig. 158. In this problem the method 
to lay out the side elevation of a tapering elbow is made use of as shown in 
the drawing. It is not necessary that both sides be fully drawn out as 
shown. One side is sufficient for the purpose, as it fully covers all the 
essential points needed to fully develop the patterns involved in this in- 
stance. The two Figs. 161, a plan view, and 162, an end view, give all the 
data for a complete exposition of every detail as it appears from either 
point of view. The first step to take in solving this problem is to draw a 
correct side elevation as in Fig. 160. The method used for Fig. 155 is the 
one used in this case to develop the correct outline of all the tapering sec- 
tions of the two outlets, the only difference being that all the measure- 
ments are suited to meet the requirements that this problem presents. 
The entire line A to B of Fig. 160 shows where the two tapering parts 



join together. The same line of junction is shown corresponaingly in the 
two figures, 161 by line A to B, and in 162 by curve A B to 0. 

The entire line A to B of Fig. 160 shows where the two tapering parts 
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join together. The same line of junction is shown correspondingly in the 
two figures, 161 by line A to B. and in 162 by curve A B to 0. In thia 



this case. The method to develop the figure of this cone is precisely similar 
to that used for the cone, Fig. 156. Use the method for this case, Fig. 
168, for all the data needed as to the semi-circles, the division lines, etc. 
Mark off the ends of each section as shown in this figure, deducted from 
Fig. 160. This has been done as the drawing indicates, each section being 
numbered as demanded for the position it is to be fit into. This completes 
the, data required, if it is intended that the two tapering parts are to be 
developed [by the use of the method used to develop a cone. Fig. 164 
gives the envelope of the cone developed full size; all the required parts and 
pieces needed for one side of the tapering outlets are shown fully drawn 
out. This method, and the way the pieces must be cut out, is not exactly 
what would be considered the most material- saving way to do this problem, 
but it is the easiest, quickest, and most time-saving method that could be 
adopted to attain the end aimed at. A more tedious and at the same time 
somewhat longer method to develop the various sections is to lay out 
each section separately by a system of triangulation. Fig. 165 shows the 
elevation of section 2 and the two semi-circles for the same to be used to 
obtain the data, if it is desired to lay out the tapering parts by triangula- 
tion. I may add that by the last mentioned method, the material required 
for the envelopes of the various sections can be cut to a little better ad- 
vantage than by the cone method, and is somewhat more precise in some 
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particulars than the other method, but all these advantages are far over- 
balanced by the greater amount of. time it requires to develop the problem 
by the method of triangulation, than it does by the cone method as shown 
in Fig. 164. Both methods have been fully stated; the student may use 
whichever he prefers. 

One point to be borne in mind is that when laying out the envelopes 
for the various sections, to allow enough material for the seams or whatever 
method the workman intends to fasten all the parts together by. A good 
plan is to double-seam every joint, if the three-way elbow is to be made of 
tin ; if of iron the seams may be lapped and riveted together. 

In Fig. 166 is shown the side elevation of an elbow, round at one end 
and square at the other. One-half of the plan of each end is shown in the 
same drawing. The elevation gives the full develomnent of a 90° elbow: if 
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drawings, as suits the student. If this is done allowance must be made in 
the steps further on as required to meet the changed conditions which such 
a step would cause in the following development of this problem. In this 
case I will use the data that the present elevation gives. In this problem 
the same method as used for a cone may also be made use of to develop Fig. 
167, which shows the various sections of the elbow, one placed upon the 
other, in the reverse position from those they show in the elevation Fig 
166, or in other words, the finished elbow. After this view as the Fig. 167 
presents is drawn, draw the semi-circle as shown, or the plan of that end. 
Divide the semi- circle into any number of equal parts; in this case it has 
been divided into eight parts. Connect the line A to B with lines from these 
points as shown and from these points of intersection connect the line A to 
B with the corner points of the square end. The correct position of the 
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manded by the conditions that the elevation Fig. 166 requires. Now if the 
elevation, Fig. 167, is cut into parts at the lines 1 to 1', 2 to 2' and 3 to 8' 
and these parts are each reversed, it will be noticed that the rounding parts 
have to be somewhat bent or altered so as to correspond one with another 
where they meet together. As the bend at 1 will be turned so that it is to 
join where the bend 1' is and as the bend 1' has a somewhat larger radius 
it is evident that these two bends must be formed so that they will fit to- 
gether, one made a little larger, the other smaller. This is but a trifling 
matter in all the junctions in this problem. Fig. 168 shows all the lines 
that connect from the round part to the square, and the amount of curve 
each section has at the corners where the miter lines cut through the ele- 
vation; the corresponding curve of the opposite side is also shown placed 
relatively in the plan, for each miter joint as it. occurs after the sections are 
turned as the curve of the finished elbow demands. 

The Fig. 169 shows the entire elbow laid out on one stretch-out. 

The entire envelope is laid out by the well-known method of developing 
the envelope of a shape square at one end and round at the other. This 
has been done for this figure. The two sets of lines a, a and b, b of Fig. 
169 correspond to those of Fig. 167 as shown by a and b in that figure. 
The miter line 1, 1' of Fig. 167 is shown by the line 1, 1', 1' and 1 fully 
developed in Fig. 169. The same is also shown for the two other miter 
lines 2 and 3. Each distance for all the curves has been taken from the 
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points A and B of Fig. 167 and correspondingly transposed to lines of the 
Figure 169 as shown. After all the distances on the various lines have 
been transposed to the stretch-out, draw the miter lines as shown and the 
pattern for the elbow as Fig. 166 calls for is complete. Allow for all locks, 
and seams. This s*vle elbow is sometimes used to connect a round pipe 
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direot with a floor register, that is, the square end of the elbow serves as a 
register box. In first floors this style comes handy where it is possible to 
get the elbow near the floor. This gives the pipe the greatest amount of 
rise that it possibly could be accommodated with by any style of box made 
and at the same time have a good unobstructed flow of air to the register. 

In Fig. 170 are shown the elevations of four styles of elbows. All are 
round at one end, but two styles are oval, while the others are square or 
rectangular at the other ends. Then, also, one of each kind has a different 
turn from the other as is fully shown by the plan views of both kinds in the 

6 



drawings, Fig. 170. The entire lot are also 90° or square turn elbows, as is 
shown by the base lines A to B and C. The manner of obtaining correct 
outlines for the various elevations is the same in some respects as used for 
Fig.. 155, modified of course to suit the problems involved in this case. The 
outlines can also be developed by using a certain radius and describing a 
curve for each outline as is shown in the Figure 8 C' for curve C\ Then 
0" for curve 0”, etc., up to curve G" ", 

In Fig. 171 is shown a front elevation of all the four styles and also a 
side elevation of the envelope of the styles which have their outlets verti- j 
cally from the base line of the round parts. This envelope A shows all the I 
miter lines for the different parts deducted and drawn out as the Fig, 170 1 
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demands for these styles. B of Fig. 171 shows the envelope for the two 
styles, one rectangular and the other with oval ends on those that have 
their outlets horizontally with the base line of the round parts of the same. 
B is the rectangular and C the oval-ended envelope. The plan part of B 
shows all the connecting lines from the top to bottom for the rectangular 
outlet, while 0 shows those for the oval part of the same style of elbow. 



The rectangular vertical as well as the horizontal rectangular outlet 
elbow is laid out by the same method so far as the envelope for each is 
concerned; the only difference between the two styles in this particular is 
that they differ in length as to their height when the elbow is finished and 
also that the miter lines lie in different directions from each other in the 
two styles. I will first show how to lay out the square or rectangular 
styles. In Fig. 172 is shown a quarter elevation and plan of each 
style. Now as both envelopes have the same shape before they are divided 
into sections, one set of angles will do for either or both. In the figure are 
shown two styles, but they are merely drawn to show how either style ap- 
pears if either style is drawn out alone independently of the other. After 
the plan and elevation as in Fig. 172 are drawn, divide the quarter circle 
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to 1, 2 to 5. The lines drawn from point C' an 1 C" merely show the rela- 
tive positions that lines from either point to the points on the circle have 
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true lengths m that position, but merely their apparent lengths from this 
point of view. In order to obtain their true lengths erect the right angle 
a e a d, Fig. 178 A. Make a to c equal in height as the elevation a to b of 
A of Fig. 172 is, then make a to d of Fig! 178 equal in length to the dis- 
tance from point 1 to C of A of Fig. 172. Mark off on line a to d of A of 
Fig. 172 all the distances from point 0 to the points 2, 3, 4 and 5 of A of 
Fig. 172 and connect these points as found by lines to the point C of A of 
Fig. 173 as the drawing fully shows and the lengths of the lines so drawn 
are the true lengths of the lines of A of Fig. 172. The foregoing gives all 
the data needed to lay out the entire envelope for both styles of elbows that 
have rectangular outlets in this case. 

First take the center line of Fig. 174; make this as the height of the 
elevation of the envelope demands, which is the same ad the distance from 
a to c of A of Fig 173, then lay off on either side one- half of the widest 
side of the rectangnlar outlet of either envelope. This establishes the points 
C, 0; using these points as centers lay off the lengths of the lines c to 1, 2, 
8, 4 to 5 as done on Fig. 174, the ends of each line to be apart from the 
next equal to the-distance that they are apart on the curve of the circle in A 
of Fig. 172 and the lines to be equal in length as they are shown in A of 
Fig. 173 and numbered correspondingly as in both Fig. 173 and the 
Btretch-out of Fig. 174. Next step off the distance from C' to D equal to 
the width of the narrow end of the rectangular outlet. Then use D as 
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center line 1 to 0 as has been done for side 0, C' and D, E and tbe entire 
outline of the complete envelope for either shape is drawn out. The next 
step is to develop the miter lines for these two styles of elbows. The part 
B, c of Fig. 171 gives all the data of the elbow which has the outlet as 
shown by x in A of the same figure. All these lines are shown fully drawn 
out by the solid and partly dotted lines of Fig. 174 and are there designated 
each by an x-mark. The miter lines for the elbow which has its rectangular 
outlet as shown by the letter K in A of Fig. 171, are shown in Fig. 174 by 
the dotted lines and are shown in elevation in Fig. 171 by the elevation A'. 
The transposition of these various distances has been shown in many of 
the former problems in these articles; for this reason I did not deem it ne- 
cessary to repeat them again in this instance. This completes all that is 
needed for the solution of these two problems of the elbows that are round 
at one end and rectangular at the other, turned either way. The stretch- 
out can now be cut out as desired and the various pieces of either elbow 
shaped and put together. Allow for all locks or seams. It is understood 
that for convenience sake I have used one envelope for both elbows; each 
elbow as a matter of course must have its own stretch-out. The other 
problems of the elbows with oval ends or outlets and round inlets may now 
be taken in hand and developed. Fig. 171, part A, shows the outlets for 
both styles; all the other data described as to the miter lines is the same for 
these elbows as for the rectangular style and answers all requirements for 
these kinds as well. The difference in laying out the envelopes for the oval- 
ended elbows from the rectangular kinds is that the former require two sets 
of triangles to accomplish this purpose. These are shown by sets B and 
C of Fig. 178 fully drawn out to their true and correct lengths. 

The plan part B of Fig. 172 gives the positions and lengths for the base 
t iues of angles as sets B and C of Fig. 173 have. The manner of obtaining 
he true development has been shown by numerous examples before, and also 
the consequent development of figures of this kind and character as the 
Fig. 175 shows the full development of one quarter of an envelope as re- 
quired for this case. Line C of this figure is the center line for an enve- 
lope either for a vertical or a horizontal oval outlet such as these elbows 
require to comply with the elevations as demanded by the part A of Fig. 
171. After the lull envelope has been drawn out, make a correct elevation 
of the two views as these envelopes show, before they are cut up into sec- 
tions; then draw the up and down lines as demanded by B of Fig. 172, 
suited to whatever style elbow is desired. B of Fig. 172 shows one-half of 
both styles drawn as called for in this case. After the complete elevation 
of the style wanted is drawn out as directed, draw the miter lines on this 
elevation as Rhown in part A or B C of Fig. 171 as the case may be for this 
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elbow under consideration. When this operation is done, the entire data 
is obtained from this last drawn elevation for the miter lines on the stretch- 
out as Fig. 175 shows one quarter of. This done, the complete pattern 
is obtained for an elbow with an oval outlet turned in the direction to 
which the pattern has been laid out for, the other end of the same being 
round. ° 

Fig. 176 shows two styles of turns or, for the want of a more ap- 
propriate designation to meet just such cases as these shapes are, I will 
also term them elbows. It is sometimes the case that a turn, as A of Fig. 
176 shows, is wanted. A shows the plan view and A' an elevation of the 
same. As will be seen, the two ends of A are both oval, but turned at 
nght- angles to each other, as shown in the plan view A. The part B 
shows a somewhat similar shape only that it is round at one end and oval 
at the other. B' is an elevation of this plan. The method of developing 
the envelopes for both these figures is by triangulation. The method used 
being the same for both problems I will only describe one, namely, the prob- 
lem A of this figure. The two ends, as shown drawn in their relative positions 
to each other, the first step is to divide the circumference of each into 
equal parts; this has been done, for each, into 14 parts. The point 14 of 
oval a and point 1 of oval b are directly over each other, as are also the 
points 13, 12 and 11 of oval a over the points 14, 13 and 12 of oval b. 
Tbs first step to take now is to connect the various points by two sets of 
lines in order to ascertain the correct length and position of the angles 
needed for this problem. In this case I will make one set of the ansrles of 
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solid lines while the others are dotted lines only. Commencing with point 
1 of b, connect it with point 1' of a, etc., up to 4 of b to 4' of a, as shown 
in Fig. 176., These lines are shown in Fig. 177 by set A by line l'to 4 to 
the point 1 to 4. The length cr height of line S S is equal to S S of the 
elevation A' of Fig. 176, and the distance from C to point 1' to 4' of A of 
Fig. 1H7 is equal to the distance of the plan lines from points 1 to 4 from 
P an b to the points- 1' to 4' of plan a of Fig. 176. Then the points 5 to 8 
of b are connected 'to the points 4' to 7' of a and also points 8 to 12 and 12 
to 1 of b to the points 8' to 11' and 11' to 14' respectively to points 8' to 11' 
and 11 to 14 of plan a. This completes the solid lines for this problem. All the 
foregoing lines are shown in their true length in A of Fig. 177. A similar 
operation has been done for the dotted lines. For these points the connec- 
tion is made from point 1 in plan b to point 2' of a, etc. ; that is, the 
points in plan b all connect to points in plan a which are one unit higher, 
“1 , to 1 1 3 '* et< r- AU the connections and the true length for 

Zi t 1^176. " 7 “* P “ blem ' “ 

The next step is to lay out -the envelope or stretch-out for this figure. 
This is shown in Fig. 178. Commence at either end. In this case I have 
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done so at line 1 to 14; this line is of the same length or height that the 
elevation is at that point and is so shown on line s s of A in Fig. 177. At 
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a distance equal to the length between points 1 and 14 of plan b and be- 
tween points 1 and 14 and between points 14' and 18' of plan a of Fig.176 
.draw the line 14 to 13' in Fig. 178. The dotted line from point 14' to 14 
is to be of the same length as is shown for the same to have in B of Fig. 
177. The four lines as 1 to 14', 14 to 13', 13 to 12' and 12 to 11' are all 
parallel each to the other and of the same length and in one straight line 
or position from each other in Fig. 178. This is by reason of the position 
that the two plans b and a have relatively to each other in Fig. 176, thus 
placing them all in one plane horizontally and all equi-distant from each 
other in the line of the curve of the ends of both plans, as is shown in Fig*. 
176. Now from point 11' to 11 of plan b of Fig. 176 is equal to the dis- 
tance from point 12 to 11, as line d of Fig. 178, and is so shown in the 
stretch-out. Make line 11' to point 11 equal in length to the length as 
shown for the same in A of Fig. 177. Then from point 11' erect the 
dotted line to point 10 the length demanded for the same in B of Fig. 177. 
The distance from point 11 to 10 is to be equal to the distance on the 
curve of plan b, Fig. 176, between the points 11 and 10 of that curve. A 
similar method is used to develop all the remaining lines of the stretch-out 
for this problem. As each line and set of lines is so plainly shown and the 
operation of drawing them out in the figure is almost the same in each in- 
stance I do not consider it necessary to give any further description of them 
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for this case. When all the sets of lines are drawn out as the Fig. 178 
shows, allow for all locks and seams, then cut out the pattern and form it 
to shape as demanded by the plans and elevations of Fig. 176. This com- 
pletes this problem. The problem shown in B of Fig. 176 is of the same 
general character and is developed by precisely the same steps, etc., as the 
problem A of the same figure. As a consequence the student has only to 
refer to the description of the methods used for the shape A to apply them 
for the solution of the problem as presented by B of the same figure. Both 
these shapes are often made use of where turns and changes in the shape of 
pipes occur in furnace work. The same method used in the solving these 
problems can also be applied to almost any shape met with in furnace pipe 
work. I would urge the student to thoroughly master these problems and 
the application and use of this system of triangulation by which the prob- 
lems have been solved in these cases. 

Fig. 179 shows the side and end elevations of standard square pipe 
angles and elbows. A shows two angles, B a full square elbow andC shows 
a square bend the flat way of the pipe. These styles are made in all sizes 



of pipes in furnace work and are mostiy made at 45 5 and 90° angles. Fig. 
180 shows an example of some of the difficult and awkward shapes that the 
furnace man is often called on to make in pipe work. The figure has only 
been added to this article to make it the more complete by comparison and 
to show for what kind of work it is practicable to give rules, diagrams and 
methods so that the student can work after them, as has been done for all 
the preceding shapes and forms up to Fig. 179. But for this shape, Fig. 
180, or, for that matter, for any special style or kind of bend of this class, I 
would deem it useless to draw out patterns. In the first place, a problem 
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as presented by this figare is all simple lines and angles; these, if the data 
is put down in such a shape that the workman can readily read it, re- 
quire nothing more than a fair amount of attention and a williogn'ess to 
use a certain amount of common sense when, say for instance, the work- 
man is called upon to get out a shape as would be required by the front 
A, right side elevation B and the plan view C of Fig. 180. These views 
are so easily read that any amount of written or printed description could 
not render them any plainer or more easily understood. It is, as a matter 
of course, understood that to lay out the envelope for this figure requires 
some ability and a certain amount of constructive ingenuity, so that the 
workman can form some conception of how the shape of the article will 
appear when done, as the drawing Fig. 180 demands. 

In this respect some workmen show decidedly more talent, quickness 
in seeing a point, etc., than others. But the student can become a first- 
class workman in these branches by close study and regular and correct 
practice. I would suggest that when problems as shown by Fig. 180 are to 
be solved to draw out all the views (as plan, elevation, etc.), as minutely 
and precisely as possible. If this is dorm the student will find that it 
becomes a compara‘ively easy matter to solve the correct outline that each 
part of an envelope has as a shape shown in Fig. 180. 



In this article I have given every form, shape and kind of elbow 
known in the furnace trade; all the patterns are applicable to either light 
or heavy work of all kinds in this branch. Many of the methods used to 
develop the problems as given can also be applied to other shapes than for 
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those that they have been applied to develop them; particularly is this the 
case with the system of triangulation shown in the various problems de- 
veloped by it. Jn conclusion I will describe a few very interesting facts 
and points regarding the degrees that elbows and their patterns have. Iu 
the first plate the methods of determining the angle that the rise of a 
miter line for any elbow has from the base or horizontal is nothing more 
or less than a simple deduction of the actual angle or central-angle of 
a given polygon which has four times as many sides as a given elbow 
which has b<en laid out and deducted from a quadrant or one quarter of 
a polygon. Thus the ordinary square or two-piece elbow has a mater lino 
of 45 ° ; four of these elbows put together would make a square or a four- 
sided polygon, and as each elbow is made of two pieces, it fo lows as a 
natural sequence that the miter line must be 45 from the base line, the 
two ends of the elbow being of 90° to each other. Thus it follows that 
a four-piece elbow having three whole sides in a quarter turn, a complete 
turn, or four of these elbows if joined together, would 'present in outline a 
complete twelve-sided regular polygon. The statement that a four-piece 
elbow presents three whole sides only is correct as far as the actual amount 
of surface that is shown is equal to three sides of a polygon as used for 
such an elbow, but in fact a four- piece elbow actually shows four sides; 
that is, it presents two whole sides and one-half of two more sides of the 
polygon, thus really only showing a surface equivalent to three full sides 
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lo stiJl further show this point when laying out an elbow as shown by 
Fig, 128, the quarter-circle as shown in that figure is divided for a four- 
piece elbow into six equal parts; then for the two end sections of this elbow 
is set apart one section for each end, while for the two center sections two 
of the remaining four pieces or divisions of the quadrant are required for 
each section of the four-piece elbow, thus making the elbow out of two 
whole center sections and two half end sections, or as a whole, three whole 
sections. The foregoing amply shows that four four-piece elbows have the 
outline of a regular dodecagon or a twelve-sided polygon, and as a conse- 
quence the miter lines of all square or 90° four-piece elbows are and 
must be the same angle as one-half of the central-angle for such a figure. 
In big. 181 is shown a central-angle of a twenty-four-sided polygon by X 
and a to b. In t the upper left-hand section of Fig. 181 is shown the prac- 
tical application of the foregoing descriptions as to the polygonal angle that 
the elbows have. The angles there shown are for from a two-pieced elbow, 
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or square elbow, to a ten-pieced elbow. Full side elevations of six styles of 
these elbows are shown, namely, fron a two-pieced to a sever-pieced elbow. 

The corresponding polygons for these elbows are also fully drawn out 
in this figure. The more sided figures I have not shown as the foregoing 
clearly conveys the point, while if more figures were drawn out in such a 
email sketch it would only tend to confuse the eye. In this figure the 
three-pieced elbow is shown to be inscribed or its outline is bounded by an 
octagon or 8 sided polygon, that of a seven -pieced elbow by a 24-sided one, 
etc. The figure also gives the number of sides of the polygons from which 
each kind of elbow from a two piece to a ten-piece elbow is deducted, by 
the table in section F at the lower left-hand corner of the figure. At the 
right-hand lower corner is shown by a table the degrees the m ter lines 
have or at what angle they are from the center p int A to the line A to B 
or the base line of these angles. The manner in which the degree o.f an el- 
bow is determined is by dividing the quadrant or 00' by the number of 
parts that the same is divided into for any elbow of which it is desired to 
ascertain the number of degrees the miter line has. Thus for a three- 
piece elbow a quadrant is divided into four parts, thus, 4-^90'— 22£'; for 
a ten-piece elbow the quadrant is divided into 18 parts as shown in Fig. 
126; thus 18-rOO 5\ If the quadrant is divided into a certain number of 
parts for an elbow, the polygon which is a complement to the elbow has 



just twice as many sides as the quadrant is divided into, and consequently 
four times as many sides as the elbow has whole sections in its make-up. 
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This amount being as stated before just half as many whole sections as the 
quadrant is divided into for each elbow. The object of introducing the 
foregoing described properties that the figures which elbows form when 
they are placed together as described, and the other interesting facts in 
connection with the above, is to enable the student with the aid of the im- 
parted knowledge to make use of a set of angle patterns for the purpose' of 
laying out the various styles of elbows as enumerated. 

Fig. 182 shows the angle of an octagon angle pattern used for a three- 
piece elbow. By making the base line 12" from A to B, the height or rise 
at B to 0 is 5 8-16". All the angles that this pattern has ere.fully shown 
in the figure. Similar patterns can be made for any or all the other angles 
as desired. Use the method as shown by the quadrant, divided into as 



many parts as the angle desired. The angle, Fig. 182, that the miter line 
A to 0 shows is the same for any sized elbow; that is, for elbows of any 
( diameter, but they must be with their inlet and outlet at right-angles to 
teach other or square, and made of three sections or pieces. 


XVIII 

CHIMNEYS 


Proper and adequate smoke pipe connections, sufficient sectional 
chimney area, together with sufficient draught to meet the full demands 
for the proper working of a furnace, are paramount and vital conditions 
which must be provided for to insure successful operation. If the con- 
ditions enumerated in the foregoing are complied with at the beginning 
when erecting a heating plant, we may reasonably expect to be able to 
obtain all the benefits of most of the good qualities claimed for such a fur- 
nace, as far as the ability of the furnace. is concerned to meet these de- 
mands, such as producing a quality of warm air which is at once pure and 
healthful to the persons occupying the rooms to which the furnace is fur- 
nishing the heated air. These desirable conditions, aided by the proper 
and prompt supply of an ample amount of suitable fuel to the fire in 
the furnace, to produce the heat to warm a sufficient amount of pure 
cold air which is to pass up to the rooms above when heated, may be 
obtained only by a strict compliance with conditions as stated before. In 
the following are given a few reasons why these conditions are ever pres- 
ent, and at all times have to be met if the furnace is to giv8 a full return 
for the amount of fuel used and also the full satisfaction which the just re- 
turn for the outlay or cost of the apparatus entitles the purchaser to. In 
the first place, if the construction of a furnace is correct, if ample allowance 
is made for the exit of the products of combustion from the furnace itself 
at its smoke collar, and if every part is made of the best material and of 
sufficient weight and strength to stand the usage to which it will be sub- 
jected in aotive service, all the joints being in cast-iron furnaces cup shape 
and cemented, or if for wrought iron or steel plate furnaces riveted tight in 
a workman-like manner, there will be at no time any danger of the furnace 
leaking out any gases into the air chamber, particularly any of the deadly car- 
bonic oxide gas (the result of imperfect combustion), providing the chimney 
has ample draft for the work required. To prove that the chimney must be 
at fault if a leakage of gas occurs; that is, if the furnace complies with all 
the conditions mentioned in the foregoing, one need only post himself on 
the nature and the real operation which is going on inside of the fire box 
of a furnace durin* the process of combustion, which is that instead of an 
outward flow of air there is a constant influx of air into the furnace at 
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every opening offered to the same, and this inflow must be going on all the 
time or else there cannot be any flame or fire. The only time when an 
outward flow occurs is when the dampers are all closed, or if opened, the 
smoke flue is not sufficient to carry away the smoke and gases from the 
fire in the furnace. This escape of gases, etc., often occurs through the 
joints of the feed door and also when the feed door is opened, but if the 
draft in' the chimney is in good working order, the flue of ample size and 
unobstructed, the air will be noticed to be flowing into the furnace and the 
smoke out of the proper channel only, and not otherwise out through doors, 
joints, etc. The essentials of perfeot combustion being oxygen two parts, 
carbon one part, and heat enough to raise both to a temperature of about 
700° ; if these elements are to combine properly the necessary conditions 
must be present. In order to attain this we must have properly built flues 
to carry off the residue or smoke and gases from this combination, or, as 
usually termed, the process of combustion. The question naturally afises: 
What constitutes, or how is a perfeot chimney built? The best form of 
chimney next to a round or circular shape is the square shaped shaft or 
flue, perfectly smooth inside. From 64 to 140 sq. in. area through section 
inside will be large enough for any furnace built. For the shape of the 
flue compactness of area is the desideratum, instead of being a long and 
narrow rectangular shape. The reason for this is that in the narrow 
shapes the current of heated gases in the center part of the flue is 
checked by the colder or chilled currents at the ends and in the corners, 
and for this reason such a flue will not give full satisfaction, and in most 
cases it will be found that this style of flue has a poor draft. In passing 
up through a flue the currents of hot smoke, gases, etc., assume a spiral 
motion upward. Therefore, a round-shaped flue would be the best. But 
a shape of this form will be found perhaps once in a thousand cases, the 
universal style and shape being the square or rectangular flue. This shape 
allows the smoke to flow up the center, while the four Corners are some- 
what colder, and as a consequence the currents in those corners have a 
more sluggish flow than the more highly heated and consequently more 
rapid currents which pass up through the center of the flue. 7!f it is pos- 
sible, never build a chimney in an outside wall, but rather have it lo- 
cated in an inner wall. The chimney being exposed to the chilling influ- 
ence and action of the cold winds and the exposure of a greater part of 
the area of their surface to the colder air often causes the chimneys to 
smoke, while if they were built more centrally in the inner walls of a house 
this would perhaps not be the case, more of their surface being sheltered 
and the cause of chilling the entire flue thus being avoided, the gases 
from the furnace ascend more rapidly and the better the draft of the flue. 
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In building a chimney nothing but good hard brick should be used, Jb’or 
those portions of the structure built inside of the house use nothing but the 



best mortar, build the chimney from thb cellar up and do not hang or let 
it rest on a bracket built up against the wall; then, if possible, use cement 
mortar for those portions which are on the outside above the roof. See 
to it that the entire inside of the flue is smoothly plastered from top to 
bottom. Do not build a chimney close up to rafters and beams; under no 
circumstances have any beams or joists set into the chimney wal's — this 
practice alone of incompetent builders has been the cause of a great many 
fires and not a few disastrous conflagrations* Fig. 183 gives a good 
idea how to arrange the wood-work around a chimney flue. 

It will be thus seen that the two joists a a have the trimmer b either 
spiked or, better still, mortised in; then the joist c is mortised to the 
trimmer in the same manner, thus clearing the flue entirely and avoiding 
every ordinary risk making the woodwork as safe as every due caution 
would demand. The thickness of the chimney walls in dwelling houses, 
and most ordinary houses is 4J" or half the length of one brick, as shown in 
Fig. 183. In some buildings the thickness of walls of smoke flues ia con- 
siderably more, such as in high buildings, churches, schools, etc., the walls 
having a sectional thickness of from 9" to 18", but this latter thickness is 
met with very rarely. It is almost needless to state in connection with the 
above that for chimneys of the weight and thickness last named, good 
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solid foundations are absolutely necessary. 

For those pafts of a chimney which are supported throughout, stone 
may. under some circumstances be admissable, but brick is always prefer- 
• able for the purpose. The abutments of a chimney should be tied into the 
walls by wrought-iron bars of sufficient number and strength, turned up 
and down at the ends, and built into the jambs for several inches on each 
side. Where slabs of stone or slate are placed level with a floor before the 
chimney, they should invariably be laid in sound mortar, cement or other 
incombustible or non-conducting 'substance, and if should be at a distance 
of not less than 4| inches from the joists, flooring or any other woodwork. 
A chimney built only up to the roof and stopping at that point is always 
dangerous. Every chimney in a house should be perfectly distinct and 
separate from every other chimney, from the hearth to the' external-open- 
ing. CBimneys may safely be built in stacks, but they should on no ac- 
count have any connection with the stacks. Brickwork around flues 
should not be less than 4£ inches thick in any part. By the Code Napo- 
leon it was not permitted to build a chimney against the wall of an ad- 
orning bduse without isolating it by an intermediate wall of sufficient 
thickness to prevent heat passing to the neighboring premises. 

The chimney for a furnace should if possible be located as near to the 
furnace as it can be conveniently arranged. Have the flue built as 
straight upward as possible, and as high as any part of the building or the 
buildings adjoining. Every chimney should have flue clean-outs, particu- 
larly those flues that are used for the furnace flue should have a clean-out 
box at the bottom, a foot below the point to where the smoke pipes from 
the. furnace enter the flue. One very desirable point too about a chimney 
should be that it be easy to get at the flue so that the accumulated soot can 
be readily cleaned out. Particularly is this true where soft coal is the fuel 
used for a furnace connected with the flue. In ordinary furnace smoke 
flues the smoke and waste gases from the furnace have a velocity from 2 
ft. per second to as high as 8 to 15 ft. per second, the temperature ranging 
all the way from 500° at the inlet to 800° at the top or outlet in some 
cases. Other instances where the flow of gases is not so rapid and there- 
fore a more economical and less wasteful rate, is where the gases enter the 
chimney at about 250° to 850°, leaving the chimney top at from 150° to 
200°. The conditions referred to in the foregoing depend altogether on 
how the heating apparatus is arranged and designed to further the econom- 
ical consumption of fuel. This.subject will be accorded a more minute 
treatment further on. I have in the foregoing shown some of the most 
desirable qualities that a well-built chimney should have, such as to be of am- 
ple dimensions well built throughout, and smoothly plastered inside from 
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top to bottom with first-class mortar, etc. What are really the facts and 
the conditions that the average furnace man meets in every day actual 
practice in setting furnaces? Far different from the much- to -be- wished 
for state of affairs that would be present if the smoke flues for furnaces 
would average to be anyway near to the mark that they should be. Talk 
to the average furnace man about a flue lined with circular glazed Scotch 
drain tile — he would call such tale nonsense. Such a state of affairs, I may 
venture to say, would hardly come under notice during a life-time but once 
or twice of one man among a hundred in our trade. They would say that 
-all such fine-spun theoretical conditions are well enough for some dreamer 
to write about, as such stuff looks well enough in print and does no one any 
harm. The true conditions which are really met with every day by practi- 
cal furnace men are, if in old houses, cramped and illy constructed flues, 
rough and ragged interior surfaces; if some years old the flue is often noth- 
ing but a mass of rotten bricks, the flue being full of soot, sometimes there 
being fully a flour-barrel of soot and ashes to take out before the flue can 
be used. This is often the case where the flue is used for a stove on an 
upper floor, the ashes, etc., having never been cleaned out of the bottom of 
the flue until the unfortunate furnace man wants to use it to connect his 
furnace to it, and, as a consequence, he is the one on whom it devolves to 
clean it oub. Theu, if the building is a new one, almost every flue that 
has come to my notice had either more or less mortar and brick at the bot- 
tom, dropped down into the flue while in course of construction by care- 
less brick-layers. In some cases that I have seen the bottom of flues 
filled up to the height of from 4 to 5 ft., dried solid and hard, taking 
a man a whole day to chip and chisel it out. This mass of obstructions the 
brick-layers should have cleaned out before they left the job when the chim- 
ney was first being built. The chimney is the chief and really one of the 
most important factors on which depends the success of any furnace to 
fulfill the task of heating a house satisfactorily. The planning and dispo- 
sition of the flues, location of heater, etc., of a heating plant, are subjects 
in regard to which nine- tenths of our architects should have a more prac- 
tical knowledge than they seem to have, judging by the poor discernment 
displayed in these matters in their plans. 

In most cases in the construction of buildings too little attention is 
bestowed upon the building of proper flues, or upon the manner in which 
the building is to be heated, that being usually left for decision until the 
building is nearly ready for occupancy. If it is decided to heat the house 
with a hot-air furnace the services of the furnace man is then called for. 

He usually finds unsurmountable obstacles to contend with, owing to 
the improper location, size, and construction of the flues, which frequently 
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have to be reconstructed at considerable expense. If used as they aie found, 
which is frequently done to save expense, or at the instance of an incom- 
petent workman, who will maintain silence on the subject through fear of 
losing the contract, the result is in nearly every case unsatisfactory, the 
furnace requiring more frequent attention and more coal than would other- 
wise be necessary to produce the desired temperature if the flues for the 
furnace had been made correctly in the first place. In some instances 
it will happen that there is no flue at all in the building that extends down 
below the cellar or basement. In such a case the furnace man must do 
the best he can, if the parties owning the house are not willing to build an 
extra chimney for the furnace, but are willing if the house is provided 
with mantels to have one of tbem closed up and the flue belonging to it 
utilized for a flue for the furnace. In such a case the furnace man has 
comparatively an easy problem to solve. 
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In Fig. 184 is shown a section of a common mantel or fire grate from 
a side point of view. Two views of A and B show how two styles of the 
arches are constructed which support the hearth 0. These arches are sup- 
ported at D against the header shown and at their ends they are shoved to 
the piers E. To arrange a grate as shown for a flue for the furnace the en- 
tire fire-place must be torn out and a flue built as shown by Fig. 185 for 
the side section. This view shows the arches A or B, whichever style had 
been used for this .fire place, entirely tom out and in their stead trunnions 
substituted. This view also shows the entire front bricked up solid and 
the smoke flue extended downward below the floor level. The plan view, 
Fig. 186, shows the disposition of the supports or the tee irons from that 
point of view and also the shape in which the flue is carried downward 
below the level of the floor. This is shown to be circular; an 8 in. cylinder 
about 15 in. long is placed in position and around this the bricks are laid 
in an upright position. These bricks are well bedded in mortar and every 
precaution is taken to have the job made fire-proof and secure. Fig. 187 
shows the front view of the closed up fire-place. The dotted lines show the 
course that the smoke flue has up behind the front wall and in the interior 
of the chimney. The walled up portion shown can be plastered over with 
a hard coat finish, and then painted or colored to match tho mantel. 

The interior of the pipe from condensing along with gases and smoke 
passing through to the chimney. The asbestos wrapping tends to retain 
the heat in the smoke pipe, thus promoting a constant and even flow of 
gases throughout the full length of the pipe thus wrapped. Whenever a 
smoke pipe passes through a wall or wooden partition, provide proper 
safety thimbles for the purpose, these having at least one inch space between 
the inner and outer circles. Wire and secure all smoke pipes from fur- 
naces securely and have the end which fits into the chimney smoke collar 
fit tight and snug. Do not under any considerations have more than one 
fire to the furnace chimney flue, that being the furnace fire itself. Have 
the smoke pipe at all times as far away from all wood work as possible. 
Eighteen inches is the regulation in some cities. Line all exposed parts 
of wood work first with asbestos paper and then with bright tin lining. 
This combination of fire-proofing renders the pipes as safe as all duo care 
can make them. Do not let the smoke pipe project too far into the chim- 
ney flue and have it so arranged that the pipes can easily be got at to be 
cleaned out. The chimney is to be provided for in a like manner. This 
last point must be in order so that the flues can be cleaned out regularly, 
this being made necessary where soft cpal is the fuel used for the furnaces. 
Clean -outs must be provided for any vertical smoke pipes which are used to 
convey the smoke from soft coal fires. The nonsensical assertion is made 
by some furnace firms that the pipes they put up are self-cleaning. These 
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wild statements have as facts no more weight than that of being 
uttered. The fact is that no smoke pipe, no matter in what position it is 
placed, if it be used to.pass the smoke of common soft coal through it, the 
soot will accumulate and in time it will entirely stop up the whole area of 
the inside of the pipe, hence if not promptly attended to, the necessity for 
clean -outs. All other pipe holes that may be in a chimney besides the one 
used for the furnace smoke pipe are to be closed up with tightly-fitted stop- 
pers. 

It is as a matter of course understood that all joints between the differ- 
ent sections of pipe are to be perfectly riveted so that they are smoke and 
gas tight. Fig. 188 shows one of the many styles of smoke pipe connec- 
tions between a furnace and a chimney. 

Tho foregoing is one of the surest remedies for a case of too much draft in 
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flue of a chimney. A full detailed description of this feature has been 
given. There are in practical use a good many checks, dampers, both 
automatic, and others with mechanical movements, draft and temperature 
regulators, etc., a complete exposition and full descrip ion of which was 
given in chapter XIV. I will describe still another general method which 
remains to extract heat and to add to the effective radiating surface of fur- 
naces. It consists in adopting the best shapes and forms for each indi- 
vidual case of the largest amount permissible of smoke outlets or heat 
radiators inside the casings of furnaces, constructed independently from 
the main body of the furnace, but connected securely to the body in such a 
manner that all the heated gases and products of combustion from the fur- 
nace must pass through them before leaving the furnace and then be con 
veyed through the smoke pipe to the chimney. These adjuncts to furnaces 
greatly add to their heating surfaces and correspondingly increase the 
power of extracting heat from the hot gases passing through them which 
otherwise would be dissipated or lost through the chimney flue to the out- 
side air. Fig. 11)1 shows a more or less modified style of smoke pipe con- 
nection from shapes and kinds made use of by a half-dozen leading fur- 
nace manufacturing firms. A brief description will suffice to elucidate this 
ligure. The smoke as seen enters at the top end on one side of the pipe, 
then makes the entire circuit of the radiating pipe-down A through the 
square part B and up through 0 to the outlet D. This style is a very effec- 
tive appliance for the purpose. The two Figs. 192 and 193 show the plan 
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and a side elevation view of an effective sheet iron radiator or smoke con- 
veyer from the outlet at A of the furnace shown by Fig. 192 and shown 
correspondingly by In of Fig. 198. The heated smoke, gases, etc., entering 
the radiator at I of Fig. 198, take the course indicated by arrows, go clear 
around and exit at the outlet 0. 



This figure shows the most direct smoke way that could be devised. If it 
is desired that the smoke, gases, etc., should have at once a smooth and easy 
passage-way without too man^ obstructions, but still arranged in such a 
manner that the draft and outlet from the furnace be under perfect control 
as shown by means of the che$k or regulator A and the damper B in the 
horizontal pipe itself, the style as described is one of the best that is in 
practical use for chimneys with a normal draft. For flues that for various 
causes have more draft than is wanted and which are to be checked in such 
a manner that the heat from the hot gases and smoke in passing through 
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the cellar in which the smoke pipe is located, Pig. 189 is given to show a 
method that was used by a furnace man to overcome this difficulty. In this 
case the natural draft of the chimney proved too powerful for the furnace 
to do any heating with it if reasonable economy was to be observed in the 
operation of the apparatus, Fig. 189 shows the plan view of the remedy 
adopted in that instance. There were plenty of clean cuts provided for these 
connections. The job as done worked splendidly and gave entire satisfac- 
tion. With some furnaces a large amount of heat necessarily passes up the 
chimney with the smoke. This not only is wasted but endangers the house 
by overheated flues. To meet just such cases where a chimney draft is too 
strong and it is not desirable or convenient to apply any other remedy to 
check the same an arrangement in the smoke pipe at its entrance at the 
chimney can be made use of, as shown by Fig. 190. This consists of simply 
fastening a tapering pipe into a smoke pipe which has a larger diameter 
Every inch of surface of this appliance is effective heating surface. 1 
have found it very effective when applied and used with the cheaper grades 
of natural gas furnaces and also for hard coal furnaces. The radiator shown 
by the two views is best made of from 20 to 16 gauge iron. All the miter 
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joints are to be securely riveted so as to be gas and smoke tight. The two 
slip- joints 0 and D show how to make the entire radiator fit together in 
two sections. At E is shown by the dotted lines where the division plate 
is placed so that the smoke i's -diverted into the proper course that it should 



Fig. m. 

take for thi3 radiator. The patterns for the miters are the same as for a 
three-piece elbow and need not be shown again for this case. When a job 
of this description is to be done, none but the very best Juniata iron should 
be used. It is almost needless to state that the mechanical ability of the 
workman should be of the highest grade to make a successful and perfect 
piece of work. Figs. 194, 195 and 196, shows by plan, side and end eleva- 
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to a certain extent by arranging the smoke outlet from the furnace some- 
what in the style as shown by these figures. Other styles would demand 



a modification of the plans as here presented, but the general idea can 
readily be seen how such an extra radiating surface can easily be added to 
almost any brick-set furnace. 

Tlie plan, Pig. 194, shows how the flow of smoke, gases, etc., are con- 
ducted around the circuit and out to the outside of the furnace. It also 
shows all the clean-outs needed so that at all times the pipes can be readily 
got at to be cleaned out if necessary. Fig, 195 gives the complete side 


200 


CHIMNEYS. 


view and Fig. 196 the end view. This style of arranging the pipes on the 
interior gives the most satisfactory results. Next is keeping a smoke pipe 
connecting a furnace to a chimney flue warm in case the same be of any 
great length and located in a cold cellar, by wrapping with asbestos paper 
to prevent the gas passing through the ‘smoke pipe from condensing, result- 
ing in a sluggish and poor draft by reason that the vapor or moisture con- 
denses and the volume of the heated gas inside the pip becomes less and 
more compact being chilled by the colder air or the outside of the pipes 
This will oocur if the pipes are not protected. But in case none of the 
conditions mentioned in the foregoing are present as in a case where the 
smoke-pipe from a furnace passes through a comparatively warm cellar 
and the chimney has a good draft, the smoke-pipe being of some length, 
placed or running in such a direction that it, if encased by a larger pipe 
and this connected at one end with suitable connections to a register 
placed in the floor of a room directly above the smoke-pipe, the same 
could be comfortably heated with the heat radiated from the long smoke 
pipe, if encased and the hot air guided to the register through this and 
into the room above. How to manage to attain this result, together with 
all the practical details of the construction of a casing as described, is 
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shown by Fig. 197. The case as here shown is that of a furnace smoke 
pipe passing underneath a kitchen to a chimney flue as from A to B. 
This smoke-pipe is shown to be encased almost its entire length, then con- 
nected to a register in the floor above and the heat let into the room 
through this. In this case the air supply is shown tobe obtained from 
the cellar by the casing being open at the bottom about 2" wide andabout 
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three-quarters of the entire length of the casing. The end nearest to the 
register or outlet is to be arranged so that no air can be lost through 
this end, but all of it must pass up through the register whenever this is 
opened. The plan of taking the fresh or cold air for this case out of 
the cellar may be permitted if the cellar or basement is kept clean and free 
from the ashes, dust, etc. Otherwise it would be advisable to put a tight 
casing around the smoke-pipe and have this connected with a fresh-air in- 
let from outside the building. This latter method would be the preferable 
plan in any case, but such jobs as the first-described method are put into 
houses in more instances than the last described better, more healthful and 
cleaner method. Another plan of heating rooms by utilizing the furnace 
smoke-pipe for the purpose that has come to my notice in some instances 
is to pass the smoke-pipe up through the floors, rooms, etc., to the sec- 
ond, or as in some cases even to the attic space, before it enters the chimney 
flue. For those who care to have a job of this kind done in this style the 
utility of the method is all that may be desired, but so far as looks and ap- 
pearance go it does not rank very high in the opinion of the writer. 
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F'l" 198 a method is ehown t0 arrange a smoke-flue so that it is 
possible to heat one or two rooms on an upper floor if they immediately 
adjoin the chimney flue wherein the contrivance is placed to accomplish this 

end. It often occurs in old houses that were built at a time when the 

only prevailing idea of a comfortable heating system was to 

with the large open fire-places, with correspondingly large flues for the same 8 
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the flue, thus causing a constant flow of air from the room as long as the 
column of gases, smoke, 6to., in the chimney-flue has a higher temperature 
than the air that enters the vent up take from the floor of the room. In 
connection with this subject may be mentioned that the general plan of 
heating rooms one above the other by fire place heaters has a good deal in 
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common with some of the methods here shown and described. The gen- 
eral plan to accomplish the heating of rooms by means of heaters of this 
kind is as follows: In any fire-place on any lower floor the heater is set 
as in either A or A' of Fig. 201. This figure shows two styles of setting, 
with an offset chimney and also a straight chimney. No. 1 of Fig. 201 
shows the heat carried to first, second and third stories in the flues of an 
offset chimney; the smoke-pipe carried to the second floor, while No. 2 
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shows the. heat carried to first, second and third stories in the flues of an 
offset chimney; the smoke-pipe carried to the second floor, while No. 2 
shows the heat carried to first, second, and third stories in the flues of a 
straight chimney, the smoke-pipe extending to the first story. Use tin hot- 
air pipes only, inserted in the chimney-flues for the conveyance of heat to 
the rooms above. Unless this is done the heat produced will be absorbed 
or escape in the open brick flues, and cannot be obtained in the upper 
rooms as desired. The fire-place in which the heater is set is lined with 
tin, as at A or A' of Fig. 201. A four-inch cold air opening is to be made 
in the floor of fire-place, connecting with cellar or outside by a pipe for an 
air supply. Hot air pipes are to be used in conveying heat through the 
chimney flues, otherwise the heat escapes through open joints in brick 
work, and the rooms above are not warmed. Use, if possible, 9 in. to first 
story, 8in.ta second, 7 in. pipes to third. In a one-story job use 8 in. pipe to 
first story. Cut the withe, if necessary, so that the hot-air pipes when in 
position shall be straight. As the smoke-pipe goes to the first story inside 
this hot-air pipe, it is important to have it straight for ease in cleaning, 
etc. 

The throat-piece in the flue over the heater, with opening in the 
same, is left for the hot-air pipe attachment to be placed in tightly to 
prevent the escape of heat except as desired. Brick up an arch-chamber 
behind the fire-places in which registers are placed; also have connections 
from the chambers to the hot-air flue made tight with mason work. See 
that the throat-piece, flue-collar for smoke pipe, stoppers, arches, etc., are 
all made tight, as a small defect at these points will prevent success in 
heating and allow heat to escape. Dampers to be placed in hot-air 
pipes on each floor to control the heat when required. Fig. 201 shows 
the manner of inserting hot air pipes to the chimneys. The joints of 
the pipes are made to lap one and a half inches, so that they can be 
used in sections of one or more lengths. These flues are as those generally 
found in buildidgs. Fig. 202 shows two views of one of the most used 
methods, namely the placing of a heavy sheet-iron smoke stack for a 
furnace inside of a larger square brick-built ventilating shaft. This 
method is extensively used throughout the country to secure efficient 
ventilation for school rooms, halls, churches and buildings of a like charac- 
ter. This system is as simple' and efficient as any for the purpose, and 
as it is not patented it may be used by any one. The smoke pipe, as is 
seen, is fastened rigidly in position inside. of the ventilating shaft. At 
the bottom end a clean-out is shown offering every chance to remove any 
ashes or soot that may settle at the bottom of the stack. At A' and B' of 
the side view is shown how in© ventilating registers are placed in the base- 
boards of the room and how they connect to the ventilation shaft with an 
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upward turn or curve, as shown by arrows in the side view. The front view 
shows these ventilation registers by a face view onlv M™, * 

detailed treatment will be accorded to this department al v^ntilaS apS 
ances further on, the aim at this stage being only to show the smoke Eue oi 
stack in connection with such a ventilation shaft as shown by Fig 209 

In order to facilitate the ready figuring of the weights and cost of fur 
riace smoke pipe connections, such a, black or galvanized iron smoke pipe 
vent ppes and smoke stacks, the following tables of weights, etc., are hem 

There are three grades of galvanized iron usually sold, namely best 
bloom, refined and common; common is the grade mostly „sod for smoke 
pipe work, that is, for straight away stacks. For elbow work the better or 
more refined grades are used. The same conditions and usage are also an 
plicable for the grades of black iron. g 80 ap ' 
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The following tables give the weight ot black-sheet iron by the square 
foot. Table No. 1 is figured in ounces for each square foot, approximate 
weights of sundry plate and sheet iron by Birmingham wire gauge num- 
bers. The gauge used in the American mills is the Birmingham gauge, 


arising from long custom, before there was much iron of any kind made in 


the United States 

The American gauge is seldom used. 





TABLE NO. 1. — GALVANIZED SHEET IRON. 




NO. WIRE GAUGE, 

NOMINAL WEIGHT 

NO. WIRE GAUGE, 

NOMINAL WEIGHT 

THICKNESS. 

PER SQUARE FOOT. 

THICKNESS. 

PER 

SQUARE 

FOOT. 

29 

.12.0 ounces. 

20 



28 

. ...13.0 

19 


...33.0 

(4 

27 

....14.0 “ 

18 


. . .38.0 

ti 

26 

15.0 

17 


...42.8 

if 

OK* 

....16.0 “ 

16 


. . .47.0 

it 

24 

17.8 “ 

15 


..49.2 

ti 

23 

19.2 

14 


. .59.2 

ti 

22 

...21.5 v 

13 


...63.4 

a 

21 

... .27.9 “ 

12 


...71.8 

a 


TABLE NO. 2.- 

—BLACK IRON. 




NO. WIRE GAGUE, 

NOMINAL WEIGHT 

NO. WIRE GAUGE, 

NOMINAL WEIGHT 

THICKNESS. 

PER SQUARE FOOT. 

THICKNESS. 

PER 

SQUARE 

FOOT. 

28 

9 5 ounces. 

18 


. .31.7 ounces. 

27 

10.8 

17 


..37.5 

a 

26 

12.0 “ 

16 


..42.4 

a 

25 

13.0 “ 

15... 


..46.7 

a 

24 

14.6 

14 


..53.5 

ti 

23 

10.3 “ 

13 


..61.8 

a 

22 

18.2 

12 


..70 4 

a 

21 

20 5 

11 


.74.0 

»i 

20 

22 7 

10 


.86.8 

a 

19 

27.1 






TABLE NO. 8.- 

—BLACK IRON. 





ONE SQUARE FOOT 

WEIGHS IN POUNDS. 




0000 gauge 

18 217 

9 gauge 



.5 939 

000 “ 

17 053 

10 “ 



.5 377 

00 “ 

15 248 

11 “ 



.4 815 

0 *• 

13 643 

12 “ ....... 



.4 374 

1 “ 

12 038 

13 “ 



.3 812 

2 “ 

11 396 

J4 “ 



.3 330 

3 “ 

10 392 

15 “ 



2 889 

4 “ ....... 

9 550 

16 “ 



.2 608 

5 “ 

8 828 

17 “ 



.2 327 

6 “ 

8 145 

18 “ 



.1 966 

7 “ 

. ' 7 223 

19 “ 



.1 685 

- 8 “ 

6 621 

20 “ 



.1 404 


The following table will be found useful to show the amount of square * 
feet of iron contained in 100 lineal feet of pipe of the diameters shown in 
the table and the number of rivets required to make 100 feet of pipe, rivets 
to be spaced the distance apart given in the table. 


- 
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TABLE NO 4. 


Number Square Feet of Iron Required to Make 
100 Lineal Feet Punched and Formed 
Sheets when put Together. 


Approximate No. of 
Rivets 1 Inch Apart 

REQUIRED FOR 


Diameter 

Width of Lap 


in Inchi s. 

in Inches. 

Square Feet. 


3 

i 

90 

4 

i 

116 

5 

JK 

150 

6 • 

iK 

178 

7 

iK 

206 

8 

m 

234 

9 


258 

10 

IK 

289 

11 

IK 

314 

12 

IK 

343 

13 

IK 

369 

14 

IK 

397 

15 

IK 

423 

16 

IK 

452 

18 

IK 

506 

20 

IK 

562 

22 

iK 

617 

24 

IK 

670 

23 

iK 

725 

28 

IK 

779 

30 

iK 

836 

36 

IK 

998 


100 Lineal Feet 
Punch’d and Formed 
Sheets. 


1,600 

1,700 

1,800 

1.900 
2,000 
2.200 
2,300 

2.400 

2.500 

2,600 

2.700 
2,800 

2.900 
3,000 

3.200 

3.500 

3.700 

3.900 
4,100 

4.400 

4,600 

5.200 


Table No. 5 may be found of some benefit for the ready calculation 
and the finding of weights in oipe work : 

m 

TABLE NO. 5. — BLACK IRON. 


SIZE DIAM- 

NO. OF IRON 

weight per 

ETER. 

GAUGE. 

RUNNING FOOT, 

12 in . . 

18 


12 



14.... 

16 

10" “ 

14 



16 

16 

11 “ 

16 

14 


18 

16...., 


18 

14 


20 


18 “ 

22 . ; 

14 

22 “ 

24 




The number of square feet in any 
iron are given in the table herewith: 


SIZE DIAM- 

NO. OF IRON WEIGHT PER 

ETER. 

GAUGE. 

RUNNING FOOT. 

24 in 



28.. 


28 “ 

28 

12.. 

30 “ 

30 

14.. 

30 “ 

30 . . ; . 


33 “ 

32 


33 “ 

32 


36 

36 


35 “ 

36 

...... 12 ... 

41 “ 

42 


46 “ 

42 




of the ordinarily used sizejs of sheet- 
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TABLE 

NO. 6. 


SIZE OF SHEETS IN INCHES. 

24x96 in 

SQ. FEET. 

SIZE OF SHEETS IN INCHES. 
32x96 in 

SQ. FEET. 

0 1 Oo 

26x96 . .. . 

17.33 

36x96.. 


28x96 


24x101... 

1 A 0/4 

30x96 

20.00 

36x120 


4 Q * 120 33!S3 


This table is very handy when figuring up the number of sheets it re- 
quires for a certain number of square feet of surface. 

These tables are as nearly correct as it is possible to make them for 
practical use. It will be found that in practice, when buying iron from dif- 
ferent mills, although they maj claim the sheets from these mills 
to be of the same gauge, there will almost invariably be some difference 
in the weight between the different makes of iron. A reasonable allowance 
must be made for this difference. If there are any variations from the 
weights as given in the tables, note the same and correct them so that 
they conform to the brand of iron that is being handled. The size or 
diameter of smoke pipe connections that are generally used are from 7 to 
10" for connections between the furnace aud the chimney flue, while for 
smoke-stacks in ventilation shafts the size usually is from 10" to as large 
as 20" for ordinary cases. 

In the preceding descriptions I have given directions and instructions 
to build and have chimneys located in relation to the furnaces, heaters, 
etc. These hints are all well enough if followed when building new work,* 
but it happens in the majority of cases the furnace when set up has its 
smoke pipe connected to some flue or chimney in a house that has already 
been built years before it has ever been thought of its ever Serving for the 
smoke outlet of a furnace. In a good . many cases it happens that the 
chimney draft is not a3 perfect as it should be and there are sometimes 
various other causes that render the chimney flue far from adequate to 
perform the work of conducting the products of combustion from the fur- 
nace so that it can do the work demanded of it in the most satisfactory 
manner. 

In the following some of the causes or poor draft, smoky chimneys, 1 
condensation in smoke pipes and other faults and failings of some chimneys 
are shown, and for such cases a remedy is given. I will not here discuss the 
reason for the issuance of smoke, whether much or little, from a furnace 
fire, but simply deal with the fact that there is a certain quantity of smoke 
from furnaces, and show some of the reasons why the chimney provided 
for the prompt removal of the smoke and gases produced by the furnace, 
does not carry away the same, as required for the satisfactory working of 
the entire heating plant. I a the first place, to insure a draught through a 
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chimney flue of any kind, a certain amount of heat or heated gases must 
pass up and through the chimney flue, warming the flae during this pas- 
sage. The reason smoke moves up through and out of a warmed chimney 
or other flue, is the difference of temperature between the ascending column 
of warmed air or smoke inside to the temperature of the air outside of the 
flue, and therefore in tbe difference in the weight of equal volumes of these 
columns of air. As long as the temperature of the smoke, gases, etc., is 
higher than that of the outside air, there will be a constant movement of 
these gases upward. If no heat is presented inside of the flue above the 
temperature outside, there can be no draught upward in the flue unless 
caused by a current of wind outside of the chimney. To produce heat for 
the purpose we must have combustion, and in order to support the com- 
bustion means must be provided for supplying the furnace with a continu- 
ous supply of jair and for removing the products of combustion. Both of 
these objects are accomplished by the chimney; the products of combustion 
in their heated state being lighter than the external air, tend to rise 
through the flue, and drawing air through the furnace, supply the required 
oxygen, the remainder, with the products of combustion, passing off in 
their turn, and, by reason of their lightness, to maintain the draught. 

The conditions defined scientifically under which the heated column 
causes an up draught are these: the draught merely represents the velocity 
with which the air is traveling through the shaft of the chimney,* and all 
arrangements should be thus made with a view to develop the formation of 
that upward velocity. In the column of hot air the velocity of up draught 
is generated simply by the difference of specific gravity of the hot air in the 
chimney, as compared with an equal column of cold air in the external 
atmosphere. The cold column, of heavier weight, by tbe well-known 
law of gaseous and fluid pressure, displaces the hot column from the 
inequality of pressure at the base of the chimney, endeavoring to produce 
equilibrium. As, however, every succeeding supply of cold air becomes 
heated in its turn as it passes through or over the fire, the constant cir- 
culation is maintained, and the result is a draft. The intensity or velocity 
of this draft is determined by the rise in temperature of the ascending 
column of air and by the smallness of the passage or shaft through which 
the air is traveling, so long as the passage is not too small to choke the 
draft. 

Thus it sometimes happens that newly-built chimneys, which have 
not been cleaned out of the mortar, pieces of brick, etc., which have been 
dropped down in the flue of the chimney by careless and negligent masons 
while building the chimney, sometimes choke up the passage so that there 
is hardly any draft. The remedy is to clean out the obstructions. Then 
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again, it often occurs that a newly-built chimney will not draw because of 
the walls being damp. This chills the ascending column of gases and al- 
most entirely stops the draft, or at least causes the draft to be very slug- 
gish. The same condition is often present in old chimneys, caused by their 
being placed in much exposed portions of a house, such as in outside 
walls. 

When the chimney is in the outer wall, the side toward the street 
or open air is generally very thin, sometimes not more than four inches 
thick, and a considerable portion of heat passes through this slender side 
into the open air. After a shower of rain that part of a gable of a house 
through which the chimfaey runs dries more rapidly than the other parts. 
This shows that the heat is coming through the side of the chimney and 
getting out of the house, instead of warming the interior and higher parts 
of the flue so as to maintain a draft. This could be helped by making the 
walls thicker and heavier. 

•The foregoing appeals particularly to that part of the chimney stack 
above the roof. The principal object in its construction is to maintain 
throughout its warmth, as it is there, of course, exposed to the cold and 
damp; and it is well known and observed that those chimneys which are in 
external walls are from this cause far more liable than others to smoke. 
Pervious brickwork becomes saturated by rain, and the flues, consequently 
reduced in temperature, are unable to maintain the requisite upward draft. 
It is well, therefore, for this reason, as well as for additional strength, that 
the chimney stacks above the roof should be built in cement instead of com- 
mon mortar, and of impervious bricks or stone. The tops of the chimney 
stacks need careful arrangement, because the exit of the smoke from them 
is very liable to be disturbed and hindered by gusts of wind, particularly 
when their tops are commanded by higher buildings, or by a hill, so that 
wind blowing over them falls on the tops of the chimneys and beats the 
smoke down. If the chimney cannot be raised so that the top may be of 
the same height, one remedy is to mount some kind of a chimney cap. 
Avoid all fixtures that will aid in cooling the smoke and gases as they 
come near the point of exit, and, if it is thought best to elongate the chim- 
ney flue by the use of an iron pipe, instead of using a chimney cap* such 
structure should be a double cylinder, with air space between, in order to 
maintain the heated temperature of the smoke aud gases until they pass out; 
and in all attempts to cure a smoky chimney it should be borne in mind 
that, to procure a proper chimney draft to burn concentrated fuels, the 
heat within the flue during the coldest days of winter should be sufficient to 
evaporate water within 12 inches of it3 top. 

Leaks in the chimney and masonry about a furnace have a decided and 
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prejudical effect upon the draught, not only from the fact that air enters at 
those places which would otherwise come throagh the grates, but the air 
so entering is cold and heavy, and increases the weight of the column of 
air in the chimney, instead of reducing it as it would in its ratified condi-' 
tion after passing through the fire. 

Care should be taken in making moro than one connection to a flue, 
first to have the leading flues so constructed that one may not have a de- 1 
oided advantage over the other, and second, that they do not enter the 
stack in such a manner as to interfere with each other. When flues enter 
a stack directly opposite to each other, deflecting plates should be provided 
in order that the entering currents may not oppose each other.. In large 
stacks with flues entering upon all sides, a cone is sometimes built in the 
center of sufficient height to serve as a deflector. 

It frequently happens that a draught which has been sufficient becomes 
impaired and unable to do what is required of it. The first and most nat- 
ural cause which is looked to in this dilemma is obstruction, by the ac- 



cumulation of soot in the flues and passages. If this soot is also deposited in 
the tubes and upon the heating surfaces of the futnace it diminishes the 
efficiency of the coal which is burned by interposing itself as a non-con- 
dneting coating between the fire and the heating and radiating surface of 
the apparatus whioh it is designed to heat, rendering necessary the consump- 
tion of more coal, requiring a stronger draught, whioh the passages in their 
choked condition are unable to supply. 

The draught of a chimney is, of course, affected by the character of an 
apparatus which is attached to it, and of the flues or passages through 
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which the heated gases are conveyed to it. A plain, cheap and direo ne 
furnace will not require as strong a chimney draft as a more complicated 
and more powerful heater would, as shown by the Pigs. 194 to 19C. 

In cases where, as it frequently happens in city blocks, the furnace is 
situated in front and the chimney in the rear, a long and tortuous flue, 
sometimes descending, is used, allowance must be made not only for the 
increased faction of the flue itself, but for the heat which will be radiated 
from it, and which would otherwise assist in sustaining the chimney draught 
This feature of having such long smoke pipe connections causes the gases 
passing through them to chill and the aqueous vapors to condense, causing 
the pipe to rot and rust out in a short time and also greatly retarding the 
draft by reason of their being chilled. The remedy is to wrap the pipe 
with asbestos sheathing. This will, in a measure, help to increase the 
chimney draft. 

Air and gases expand almost equally and nearly in proportion to their 
increase in temperature; and as this law of expansion applies to air in mo- 
tion the same as to air at rest, we can calculate the amount of expansion 
of a column of air in a chimney flue from the heat of the stove. But as 
this heat varies, so also does the heat contained in the volume of ascending 
air and gases. The air that passes through a fire undergoes a chemical 



change, becomes intensely heated, and, as it passes through the stove pipe 
to a chimney, becomes reduced iu temperature; and, if the pipe is too long, 
or if it is composed of too many crooks, no heat can reach the chimney 
and we have a poor draft for the reason that one of the gases produced by 
combustion, when cold, is heavier than air, and will so fill the chimney 
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flue that the lighter gases cannot pass through it. 

The following are a few of the remedies to cure smoker chimneys that 
will not draw. One is to lengthen the chimney at the top. This increases 
the quantity of heated air in the chimney, and gives more power or head 
by increasing the difference between the weight of the air per foot in and 
outside of it. Another plan is, if there is a deficiency of air supply to the 
fire, to correct this by placing ventilators or other suitable means to supply^ 
this deficiency. Then the almost universal method of curing smoky chim- 
neys that will not vent well is by using some sort of a chimney cap. As 
shown in some of the foregoing statements the draft of a chimney de- 
pends upon the difference between the temperature of the heated air con- 
tained inside of the chimney and that of the outside air upon the height of 
the chimney, and other causes. There may also be cases where some ob- 
ject at or near a chimney may cau^e a strong gust of wind to blow directly 
down a chimney flue, carrying and forcing the smoke back. It may also 
be desirable at times to force or draw air out of a chimney that is colder 
than the outside air. It has been stated that the draught of a chimney is 
decreased by the sun shining upon it, and I have read the most profound 
arguments to the effect that it was retarded in sdme way by the actinic rays 
acting down upon it. If any such effect is produced by this circumstance, 

I should be inclined to lay it to the lightening of the external column of 
air rather than any direct retardation of the inner one. 

To overcome the sluggish and insufficient draft in chimneys, if caused 
by some of the foregoing conditions enumerated, such as no draft, down 
draft, etc., (he following suggestions are submitted: Fig. 203 gives an 



illustration of how currents of air and wind act when they strike or come 
in contact with a chimney viewed by a plan view. 
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The currents of air as shown by the arrows strike the chimney at A 
then diverging from the side or from the end of the obstruction such as the 
chimney really presents to the current of air, they by their impetus, what- 
ever that may be, according to the velocity with which they are moving at 
the time such contact occurs, take a lateral direction toward the sides B B, 
passing beyond the sides or ends somewhat, the diverted currents coming in 
contact with the main current, this causing the two currents to assume a 
direction somewhat diagonal to them both, but are gradually forced back to 
the original normal current at some distance beyond the chimney as shown 
at C of Fig. 203. The currents flowing past the two sides, as at B B, do 
so at some distance from tho chimney and cause the air in this space to 
flow out from it and with the current flowing around the chimcey, causing 
a partial vacuum at the spaces B B and the back at 0. 



If there are any openings in the chimney for the ready exit of smoke 
it will readily flow into the spaces to fill thG vacuum, then in turn being 
drawn along by the outside currents of air, tk 9 constant flow and passage 
of whatever smoke is in the chimney is assured at all times when there are 
currents of air around the chimney at that part where the smoke makes its 
exit. The side view or elevation, Fig. 204, of the plan, Fig. 203, shows 
the course which the currents of air have in connection with the chimney 
when seen from this point of view.' The currents striking the chimney at 
the side at A take the course as the drawing shows, upward and over the 
mouth of the chimney, thus producing a good draft and strong flow from 
the chimney flue if the latter is of the correct size for the work required of 
it. The air currents taking the upward course shown by Fig. 204 effectu- 
ally shield and prevent the horizontal current flowing along the top of the 
chimney from flowing ahead in that direction, but they at first are forced 
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to take the same course that the upward current has cnfi! 

zontal currents break and overcome the forcn nf n, ™ the hon * 

. m, . 'r;it rt rr to oud 

h r "““i <mt “ a “ r “‘ 

», T .i.mot.L t „43; &*r: 7 - * L ” 

.w ;;s: ~ r >m °r 

large casing, square or rectangular, if the chimney be so shaped^ if °th & 
chimney is round the outside casing would of co Jse aLo be fn Val shape 6 
The idea of placing this outside casing around the outlet of the chimney is 
that it increases the power of the currents of air flowing upward and th L 
by afiords a greator spaco for the smoke to flow into The action fb t 

Sowing up and above, it Oaus .1 a partial raouum; thou that part ol the cut 

This causes a greatly increased flow of smoke, etc., from the chimney 
m this top case. J 

vroiZZT al8 ° COwI * ma f 0 of the cla8s ^own by Fig. 205 which are 
t provided with a plate as the dotted line E of this figure shows. The object 
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of plaoing it in the position given is to prevent any possible down drafts* 



The direction which the currents take through the cowl when they strike 
the same in a downward direction are not shown in the figure, but the 
plate E put to the cowl has the effect of making the same as near perfect 
as possible so as to prevent currents from striking and entering the top of 
the flue. By Fig. 206 is shown a ventilator and smoke cowl. This style 
is called the Espy ventilator. The top part, A, turns and is so arranged 



that the wind will at all times keep the mouth, or open end, from the direc- 
tion in which the wind is blowing. The wind blowing toward the apex 
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of the conical part of the hood passes by this on each side, and does not 



meet again for some distance beyond the open month of the cone. This 
causes a vacuum, and consequently a draft is established from the fiue 
through the cone and out. Fig. 207 shows another style of chimney caps 
This consists of two cylindrical parts joined together as in the figure. The 
horizontal part, A, has both ends cut at an angle; a light cover is provided 
for each end of part A, hinged, and these covers are joined by a rod which 
causes the two doors to stand open when there is no wind, but when it is 
blowing the door which is on the end nearest from which the wind is* blow- 
ing closes, and at the same time opens the opposite door. The drawing 
shows the course of the outside as well as the inside or smoke currents 
from the hood. This style is alao made to turn by the force of the wind, a 






CHIMNEYS. 


219 


rather ornamental vane being shown put on me aood in this instance. One 
of the principal objections to hoods and cowls, as the Figs. 206 and 207 
delineate, namely, such as turn, is that there is always some danger 
that unless the bearings are properly arranged they become clogged and 
sticky by deposits and rust. This point must be provided for to avoid the 
disagreeable nuisance which a chimney cone is when stuck or fast so that 
it will not turn. Numerous devices have been invented to meet just this 
condition, and almost any ingenious mechanic can, with little study, over- 
come this difficulty. The chimney cap shown by Fig. 208 is a stationary 



style. The main parts consist of two cylindrical pieces joined together. 
The two end doors hung to the horizontal part at the top are hooked to- 
gether by the rod A, which prevents both doors from closing at the same 
time. The direction that the currents of air have are shown by 0. The 
small cone, B, is merely put onto the cap for ornamental purposes. Fig. 
209 is the old reliable Emmerson chimney cap. This form of cap has been 
invented more than fifty years and it forms with some of the styles given 
the foundation principle from which most of the patented hoods now on 
the market are derived. ’The Emmerson top has most of the desirable fea- 
tures a first-class chimney cap should have. It costs less than most chim- 
ney caps, and any furnace-man can make one on short notice. It works 
every turn, and never obstructs the draft. The conical top deflects the 
wind upward, forming a shield; then striking the flat top, it spreads out in 
a thin horizontal stream, carrying along the air in the flue. The width of 
the flaring portion is equal to the diameter of the flue. The top is set so 
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The styles described offer a sufficient variety of cones for the furnace- 
man to cure almost any smoky chimney that may be met with in ordinary 
practice, that is, if the cure is to be effected by the means of a chimney 
cap. Some suggestions how to reduce the danger from fire or overheating 
of smoke flues and pipes, connections, etc., to a minimum would perhaps 
not be out of place at this time. Furnace smoke-pipes should be thoroughly 
cleaned, and all unsound lengths replaced by new ones. All pipes should 
enter good brick chimneys, and should enter the chimney horizontally. 
Where dust is liable to accumulate, the horizontal pipe lengths should be 
carefully riveted together, and an additional pipe placed outside, leaving at 
least one inch air space between the inner and outer pipes, supported at 
frequent intervals by wires, also well wired, to hold it in the chimney. 
In all cases where pipes pass through wooden or lath and plaster par- 
titions, there should be a double collar of metal, with from two to four 
inches air space, and holes for ventilation, or at least eight inches of 
masonry about it. 

The chimneys should be examined carefully, especially where they pass 
through floors and roofs, as the settling of the building may cause cracks 
that would let sparks escape. A long-bladed 'case knife serves well as a 
probe for this purpose. 

All pipe holes not in use should have close-fitting stoppers. There 
should be no woodwork of any kind framed into the chimney; and the en- 
tire surface of the trimmers and headers next the flue should be entirely 
covered with tin or light sheet iron. 

Ashes should always be placed in a fire-proof receptacle when taken 
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from furnaces. Any woodwork nearer than 18" should be covered with as- 
bestos paper, and then covered with tin, or protected in some equally safe 
manner. The flues should be examined from time to time, and if any soft 
or unsound bricks are discovered they should be taken out and replaced by 
sound ones. Of course no intelligent man-will allow any joists, etc., to 
be anchored or built into chimney walls. Even if some of the bricks sepa- 
rate the woodwork from the hot flue there is more or less danger. Have 
the wood away from the chimney, if possible. It has been proven by ac- 
tual occurrences and by good authorities, that by long exposure to heat not 
exceeding 212 degrees timber is brought into such a condition that it will 
fire without the application of light, and when finally started the source of 
the fire would perhaps ba in such an awkward place that even if discovered 
in an early stage it could not be reached without considerable damage to 
the premises. 


XIX. 

con o ai& suppitv* 

The cold air supply for furnaces, the methods and appliances by and 
through which fresh air is conveyed to the heating apparatus, is the subject 
of this chapter. The functions of cold air ducts, air chutes or cold air boxes 
for furnaces, is to provide a suitable and adequate channel for the passage 
of cold and fresh air from the outside of a building to flow through and to 
the bottom of the furnace. From this point tbe air flows up to replace the 
heated and ascending volume of air in the air chamber of the furnace. The 
constant supply of fresh and colder air which is flowing into the furnace 
chamber is, in its turn, heated by radiation in the chamber between the 
heated surfaces of the farnace proper and the outer wall or lining of the 
chamber. It then rises. This is caused by the increase in bulk by expan- 
sion, owing to the heat it has absorbed from the heated plates of the fur- 
nace. Against this volume of heated air the succeeding volume of colder 
or denser air presses, causing a continual passage of cold air through the 
air duct to the furnace. This movement will occur as long as a fire or a 
greater degree of heat is present in the furnace chamber than the source of 
supply at the mouth of the air duct or the outside air has, if suita- 
ble outlets are provided for the passage of this volume of heated air 
from the furnace to the rooms above, and, again, if these rooms are pro- 
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Tided with properly proportioned and arranged ventilating outlets for the 
prompt removal of the cooled and vitiated air from the rooms supplied. 

I will give a few of the most pertinent reasons why such a change of 
the air id demanded: These are, first, to provide for the constant renewal 
of a volume of fresh or pure warmed air in the rooms of a house heated 
by a furnace so that the purity and proper standard necessary for the 
health of the occupants can be maintained at a degree of warmth consis- 
tant with their comfort; second, the duration of such occupancy and the 
amount and nature of the impurities in the volume of air, resulting from 
various causes, which tend to contaminate the air more or less, even in 
some instances before it is drawn or passes into the cold air duct to be used. 
Then the impurities resulting from the respiration of the occupants, lamps, 
fumes from various other sources, dust and other causes ; all these are factors 
which tend to vitiate the air in the apartments, and this air when drawn 
out from them through the ventilating shafts or ducts can only be replaced 
by the fresh, pure air which is drawn or is passing through the cold air 
duct, then warmed and delivered into the rooms, if all the functions which 
this volume of air is to perform are to be fulfilled. Other reasons, perhaps 
not as weighty as those mentioned, could be cited, but I will reserve these 
for more detailed treatment further on. Enough has been mentioned to 
give the student a fair idea of what importance the cold air ducts are to the 
proper working of a warm air furnace, and the prompt renewal of air for 
the rooms to be heated and ventilated. This air for the rooms above 
should be changed at least three or more times an hour, this depending on 
how much space there is to heat and also on the number of persons occu- 
pying the rooms at one time. In the following will be found some of 
the reasons why the heated air rises through the furnace, and how the air 
acts if heated to different degrees of temperature. One of the first effects 
produced by heat on any certain column of air is that it. expands and for a 
given weight increases in volume or bulk but not in weight; .that is, the 
volume of air being heated does not become any heavier, but it occupies a 
larger space than it did before it was heated and rarified. The colder air, 
retaining its normal bulk, and consequently its common density, forces 
the warmer and lighter air forward and upward the same as a cork is 
caused to float and is pushed upward if immersed in Vrater. The normal 
pressure of the atmosphere on the surface of the earth at a mean tempera- 
ture is 14.7 lbs. per square inch; thus we have the cause for the upward 
movement of a heated column of air by the difference in weight and den- 
sity between it and a column of colder air of the same volume. 

From the following tables and data may be deducted: first, the cor- 
rect size to make the inlet of cold air in proportion to the outlet from a 
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furnace; second, the rate of movement of the air and the volume ife has at 
different degrees of temperature; also the weight of any volume of air at 
different temperatures : 

TABLE OF THE EXPANSION OF AIR FROM 82 , 8 ° BELOW ZERO TO 772 ° ABOVE. 


(d ALTON*) 


TEMPERATURE. 

EXPANSION. 

TEMPERATURE. 

EXPANSION. 

— 32° 8° 

.8650 

85° 

1.121 

0° 

.935 

90° 

1.132 

X 12° . 

.960 

95° 

1.142 

22-o 

.980 

100° 

1.152 

32° 

1. 

120° 

1.194 

33° 

1.002 

140° 

1.235 

34° 

1 004 

160° 

1.275 

35° 

1.007 

180° 

1.315 

40 o 

1.021 

200° 

1.354 

45o 

1.032 

212° 

1.376 

50° 

1.048 

302° 

1.558 

65o 

1.055 

392° 

1.739 

60 o 

1.066 

482° 

1.912 

65o 

1.077 

500° 

1.954 

70 o 

1.089 

525° 

2.001 

75 o 

1.099 

680° 

2.028 

80 o 

1.111 

772° 

2.332 , 


TABLE OF THE VOLUME, PRESSURE AND WEIGHT OF AIR FROM ZERO TO 8 , 000 °. 

(HAS WELL.) 


TEMPERATURE IN 
DEGREES. 

VOLUME OF 1 LB. 
OF AIR AT AT- 
MOSPHERIC PRES- 
SURE 14.7 LBS. 

PRESSURE OF A 
GIVEN WEIGHT 
OF AIR. 

DENSITY OR 
WEIGHT OF ONE 
CUBE FOOT OF. 
AIR AT 14.7 LBS. 

0 

CUBIC FEET. 

LBS PER SQ. INCH* 

LBS. 

0 

11.583 

12 96 

.086331 

32 

12 887 

13.86 

.080728 

40 

12.6S6 

14.08 

.079439 

50 

12 84 

14.36 

.077884 

62 

13.141 

14.7 

.076097 

70 

. 13 342 

14 92 

.07495 

80 

13.593 

16.21 

.073565 

90 

13.845 

15.94 

.07223 

100 

14.096 

15.77 

.070942 

120 

14.592 

16.33 

.0685 

140 

15.1 

16 89 

.066221 
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.064088 
.06209 
.06021 
.059313 
.059135 
.058442 
.056774 
.0552 
.05371 
.052297 
.048476 
.046223 
.043686 
.041414 
.039365 
.03751 
,035822 
.03428 
.032865 
.031561 
. 030358 ' 
.029242 
.027241 
.020295 
.016172 
.013441 
.011499 

Dalton gives the following data for the expansion of air. One cubic 
foot of air at or from 82° or the freezing point taken at 1 or unit at 100° 
its bulk is 1.152, an increase of 152-1000, equal to an increase of three-twen- 
tieths of the original cubic foot or bulk. When heated to 482° its bulk is 
1.912; when heated to 600° its bulk is 1.954, or a little over nineteen-twen- 
tieths of the original bulk or what the cubio foot of air was at 82°. From 
the foregoing the deduction may be drawn, and which is near enough cor- 
rect for all practicable purposes, that for every degree which air is heated 
from 82° to 525° it increases l-494tb part of its bulk nearly. Again, if we 
tako air at zero the volume of one pound is 11.583 cubic feet; at 120° it is 
14.692 cubio feet, an inorease of a little over three cubic feet over the bulk 
the air had at zero. Box gives experiments with a volume of air by Du- 
long and Petit. Air at 32° above zero, by experiment, 1.000 or unit, at 
82.8° below zero, by experiment, it has a proportionate bulk of 8650— by 
calculation, 8678; at 482° above zero, by experiment, it is 1.9198— by cal- 
culation, 1.918. Comparing the quotations of other authorities with the 
above, Dalton and others, they give air at zero equals .935; at 82° above 
zero equal to 1; at 122° equal to 1.184; at 500° equal to 1.954; at 525° 
equal to 2.001, and at 550 equal to 2.056. From the foregoing it will be 
seen that these authorities differ somewhat in their deductions and fig- 
ures from each other in some particulars as to fine and delicate scien- 
tific distinctions, but as to the practical application for furnace work 


lfiU 

180 

200 

210 

212 

220 

240 

260 

280 

300 

360 

400 

450 

500 

550 

600 

650 

700 

750 

800 

850 

900 

1000 

1500 

2000 

2500 

3000 


15.603 

17.5 

16.106 

18.02 

16 606 

18.58 

16.866 

18.86 

16.911 

18 92 

17 . 1 U 

19.14 

17.612 

19.7 

18.116 

20.27 

18-621 

20 83 

19.121 

21.39 

20.63 

23.08 

21.634 

24.2 

22.89 

25.61 

24 146 

27.01 

25.403 

28.42 

26.659 

29.82 

27. 915 

31.23 

29171 

32.635 

30-428 

34.04 5 

31-684 

35.445 

32 941 

36.85 

34497 

38.255 

36811 

41.065 

49.375 

55.115 

61.94 ' 

60 165 

74 565 

83 215 

87.13 

. 27.265 
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there is not enough difference in the quotations to hinder us from averag- 
ing at near enough results for use from the deducted data that these 
authorities give, and this without a great amount of elaborate figuring* 
Taking zero as the mean, as the weather does not usually get much 
colder than zero for any length of time in most localities, it is safe to 
take zero as a basis to work on for the lowest degree of temperature 
.that the air is to be admitted to and through the cold air duct to a fur 
nace. As I have stated before, a furnace should never be heated to a 
higher temperature than from 400° to 500 a . This insures with a well-de- 
signed and properly built furnace a sufficient amount of heat from the 
same to heat the air passing through the air chamber from zero to 120° 
up to 200°* I will take the lower figure, 120°, as the degree of temperature 
at which the warm air is to leave the starters or outlets of a furnace. As 
the table shows, air at zero has a volume of 11*583 cubic feet per pound, 
and 120° it has 14.592 cubic feet, or a little over 3 cubic feet more. As 3 
cubic feet are six-twenty- ninths nearly of 14.592 and 11.583 cubic feet are 
twenty-three-twenty-ninths nearly of 14.592 cubic feet, it follows that the 
cold air inlet should be six-twenty-ninths smaller than the outlets are, the 
air assumed to be at inlet at zero and at outlets at 120°* To use a still 
more simple rule one-fifth will do for the difference between the inlets and 
outlets as deduced by the foregoing data. The method given is a simple 
and quick way to ascertain the proper proportionate size a cold air box or 
inlet should be to the outlets from a furnace. The figures give the size 
considerably larger than some furnace men allow this feature in furnace 
work. I may add, at this instance, that right here is to be found the rea- 
son and source of a good many failures in furnace work which explains why 
furnaces do not send up more air, heat, etc. The reason is that the cold 
air duct in many cases is made too small for the proper fulfillment of the 
work demanded of it. 

By the foregoing tables it is seen that the warmer the air is which 
enters the air duct compared to that of the out-flowing air from a furnace 
the more sluggish the outflow and the less power and force i 3 left to 
the cooler air to force the warm air out from the furnace’s hot air cham- 
ber. This proves how wrong and fallacious is the method advised by some 
furnace men, namely, the system of warming the cold air before it is 
delivered to the furnace and used for the heating of the rooms above. 
Another method, equally as ineffectual, is to take in the cold air at the top 
of a brick-set furnace, leading it downward and then up through the 
hot air chamber proper. When it finally' leaves the furnace it does so 
at a greatly diminished rate of speed from what it would have if taken 
into the furnace by the way that common sense would suggest, viz.: at 
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the bottom, in order to ensure the best results. The average of discharge 
of warm air from a furnace if heated to 120° is at the rate of five feet 
per second. The foregoing data gives the actual size that an air duct 
should be made if every advantage is to be given a furnace so that it 
will work smoothly and easily as far as it is in the province of a proper 
sized air duct to aid to this end. An air duct can only be figured to the area 
or size that the smallest part of the duct is. This makes it necessary that 
the duct , be made smooth and of an equal area throughout its entire 
length; so as to avoid any considerable friction and to have no contrac- 
tion at any point smaller than the area at which it is figured. In these 
calculations no provision has been allowed for any of the possible causes 
of a diminished flow in the duct, such as friction, etc., on the inside sur- 
face; 

In my own practice I have found that it is always the safest plan to 
have the cold air duct large enough to fully answer any demands that 
might occur, and which it would have to meet. As the outside air is 
cheap I may venture to assert that is cheaper to heat a somewhat larger 
body of air to a moderate degree to warm a certain space than it is to heat 
a small volume to an intense degree for the same purpose, this last opera- 
tion costing more and, besides this, it deprives the air of some of its most 
vital properties, such as certain vapors and ozone, by reason of the air be- 
ing heated to such a high temperature. The best practice is to give the 
furnace enough air for all and any requirements, thereby avoiding the fur- 
nishing of the extra amount of heat which the furnace must supply to over- 
come the fault if too small an amount of area for air is allowed at the in- 
let or cold air duct. In my own practice, notwithstanding all the authorities 
given, I never reduce the area of a cold air inlet or the supply to less than 
one-sixth, of the total area of the entire outlet from a furnace. In case the 
air during its passage through the cold air duct has many corners to turn 
and if the sides of a duct be uneven and rough, thus causing friction, ed- 
dies, etc., in the flow of air, the policy of having such a proportion for the 
size of a cold air duct is at once apparent. I have found this standard of 
proportion the very best to work well in all cases where I have used it for 
cold air boxes to furnaces. If it should happen that ihe temperature falls 
below zero or if a strong wind blows directly toward the mouth of the cold 
air duct all that is necessary is to close the shut off slide somewhat which 
insures a complete control of the Supply. On the other hand, I will as- 
sume that a cold air box had been built to the proportions best suited for 
the lower temperature, then if the weather becomes somewhat milder, say 
to about 30° or 40 9 above zero, it is clear that the more power and heat 
would be required and also more area or section for the air box to keep up 
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the same rate of flow through the pipes than would be present for this pur- 
pose, calculated for the denser or colder condition of the air. Then as- 
sume a cold, muggy, disagreeable day, with perhaps a chilly wind blowing 
at times in a direction contrary to which it is desirable it should to best 
supply the cold air duct. To sum up, for these reasons it is policy and 
good practice to make the air duct large enough so that it can take all the 
air it needs to supply the furnace properly; all this without forcing the 
fire or heat in the furnace, as this requires more coal, or in other words, 
more money must be expended to operate the furnace under these con- 
ditions. If the means indicated in the foregoing-to control the air inflow 
are adopted, it will result in the perfect working of such an apparatus. 

In connection with the regular air duct for a furnace it is often the 
practice to take a partial supply of cold air from the coldest room or hall 
of a house. This in some instances is allowable’ where a house is poorly 
built, as the case may be when cold air is constantly flowing in, and by 
loosely fitted doors, windows and casings. For this style of connection for 
the cold air supply to a furnace very large register faces and ducts are re- 
quired, because the supply will not be so rapid and abundant as if it were 
taken from an outside. air duct. In fact, in some cases this course of air 
supply would not do at all, for the reason that the supply would not be as 
pure and fresh as a supply from the outside of a house. The air being 
brought down from the rooms above would be but a case of using the air 
over and over again, and thus almost defeat the chief end and purpose of 
ventilation, which is at all times to supply and maintain the standard of 
purity and freshness of the air inside of the house equal to that which sur- 
rounds the same outside. This desired end can only be accomplished by 
conveying the air into the furnace in a house by means of a cold air duct, 
the' air then being heated and conveyed to the rooms above, which is the 
only proper way to do this. The large register face usually used for a 
return duct often tends to draw a strong current of cold air from any inlets 
that may be present around the front door of a hall. This is one of the 
bad features that this style of arrangement has, and one particularly its 
own. It is often the case that a hall return duct is put in to take the cold 
air out from a hall, as the argument is that it is generally advanced by the 
advocates of this practice, but in a good many cases the arrangement will 
not work. This is generally owing to the fact that the connection to the 
heater is not made correctly, because the workman putting the connection 
up in most cases does not know how it must be done so that it will work 
properly. I will give a detailed description how to accomplish this further 
on. A hall return pipe can seldom be made to work properly by uniting 
it with the outside duct. It must have a separate and peculiar arrange- 
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ment fitted to the furnace to insure its working at all times; this arrange- 
ment in some cases costing a sum quite out of proportion to the benefit se- 
cured by the owner, considering the first cost and the danger of using the 
same air over and over again, which may possibly have been contaminated 
to some extent, and all this when fresh, pure air could have been had for 
little or no cost at all. 

No possible arrangement of taking air from a hall can secure the di- 
rect, positive movement of air that would be as satisfactory as that of the 
air taken from the outside of a house through a cold air duct. There are 
cases, such as for halls, churches, schools, etc., where the use of a return 
air supply for a furnace may be permitted. This can supply the needed air 
to the furnace, when the rooms are not occupied, to keep up the circulation, 
but their use must not be permitted under any circumstances when the 
rooms are in use. The cold air must be taken from outside of the building, 
and it is to be seen to that it is as sweet and pure as it can possibly be ob- 
tained. Having shown how much air must be supplied to a furnace by 
means of a cold air duct in relation to the proportions that the outlets have 
— these, as a matter of course, being proportioned to the power or ability 
of the furnace to heat the amount of air passing through the furnace— a 
complete treatment of this subject will be given further on. The next di- 
vision that I will discuss of this subject of cold air ducts will be the me- 
chanical part, such as the different kinds and styles of duct, the kinds of 
material used in their construction, their location and all the various details 
entering into their making and fitting up. 

The first consideration when planning a cold air supply duct for a fur- 
nace is to locate the mouth or opening of the duct at that side of a house 
which faces in the direction from which the prevailing winds blow; particu- 
larly is this applied in case a house stands alone and where the wind has a 
a good chance to sweep and flow around and about the building, thus often 
causing counter- currents of air which would tend to operate in direct oppo- 
sition to a cold air duct if the opening for the same were not located on the 
side against which the wind blows. The direction from which the 
wind blows in most parts of this country is from the north or west and the 
opening or mouth for a cold- air duct should always be placed accordingly. 
In houses in city blocks, where the surroundings do not permit the plac- 
ing of an inlet for the duct according to the above directions by reason of 
the houses being enclosed and other buildings abutting against them, the 
rule must be set aside, but as it does not matter much in such & case 
which way the wind blows, the houses being for the most part enclosed 
and sheltered by the other buildings surrounding them, the only important 
point to bear in mind in such a case is to have the inlet in such a position 
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so as to supply it with the purest and freshest air obtainable in the neigh- 
borhood in which the house is situated. This implies that it is not good 
practice to have the inlet located under some porch or near some waste 
water drain, or in some musty, damp corner, but instead every precaution 
and earnest, intelligent effort should be brought to bear to this end that the 
source of supply be the best possible to be had and as free from contamina- 
tion as human ingenuity and foresight can make it. Thus only can a per- 
fect job be done as far as a perfect cold air inlet tends to make it so for 
such a house. As to the quality of the air if the supply is taken from a 
hall as an auxiliary to the cold air inlet from the outside of a house, or 
if the entire supply is taken from a cellar, it depends entirely upon the 
cleanliness and condition of these sources of supply. If the cellar is per- 
fectly clean, dry and tightly cemented, with no occasion for it ever being 
in any other condition, it may be permissible in some cases to take the air 
from that source for a furnace, but I am rather inclined to advise against 
this method. In oase the air-duct inlet' be so situated that if a window 
were taken out from the cellar and the opening left W6re used for the 
mouth of the duct, and owing to the position and location that this opening 
had it would be in a direct line or sweep of the wind, which would bo lia- 
ble to carry considerable dust, etc., along and down the air duct, at times 
it would be a good plan to turn the cold air shaft up a couple of feet and 
have its mouth protected by a hood to prevent snow, rain, ete., from blow- 
ing into the duct. A to l'' mesh galvanized wire screen is to be 
fastened over the mouth to prevent any loose paper from being blown in 
down the duct, also to prevent any rats or other animals from entering tbe 
duct at any time. In the foregoing I have shown how to find the correct 
size for any cold-air supply duct, basing the calculations for this end upon 
the size of the outlet from a furnace. These are to be correctly proportioned 
so that the amount of fresh heated air delivered by them under all circum- 
stances is sufficient, so that it can be inhaled without injury to the health 
of the persons occupying the rooms to which the warmed air is delivered 
by the furnace.' A full treatment will be accorded this subject under the 
head of ventilation, giving all the data as to the proper sizes of inlets to 
rooms for the warm air supply, amount of air required for each occupant, 
how to measure the flow of air, etc. When taking air from a hall for some 

buildings in conjunction with an outside inlet the supply pipe need only 
have fifty per cent as large an area as given for the direct outside supply, 
because at night, when the hall pipe is most used, a considerable less 
amount of heat is required throughout the house, and, as a consequence, a 
less quantity of cold air is ample to supply the demand at such times, thus 
a smaller size pipe is sufficient for the return, the outside supply being 
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shut off. One point in particular to be noted when using a hail return pipe 
in connection with the cold air supply duct from the outside, is to have the 
two branches so arranged that they can be shut off -perfectly tight from each 
other so that no back action of the air occurs into the powerful hall pipe* 
This frequently occurs when it is attempted to use both sources of supply 
at one time. One ody should be used at the same time if the best results 
are to be obtained from such an arrangement as is generally put in for the 
purpose. The ooly way by which it is possible to obtain a positive move- * 
ment through the return cold air pipe from a hall even when the outside 
supply duct is open, is to have the return pipe enter the casting of the fur- 
nace at the lowest possible point independently from the outside cold air 
duct, then turn* the return pipe upward a sufficient distance so that it will 
become heated, thereby heating the air and causing a draft upward through 
the furnace and also a corresponding downward flow of air through the 
cold air return pipe from the hall. It often happens, even if the cold air 
duct, the outlets and the other parts of the work which a furnaceman has 
to do about a furnace are all done according to the best rules and practice 
known, to him still the air does not seem to flow through the apparatus as 
it should. A good many reasons may be found and mentioned for this, 
such as there being no ventilation out from the rooms above and others of 
a like class, but one reason (and, I may add, one very little suspected by a 
great many so-called furnacemen) is to be found in the contracted and the 
altogether too small space allowed for the passage of air between the out- 
side bottom casing ring at the base and the ash-pit of the furnace itself. I 
have seen cases where furnaces had ample heating surface to heat enough 
air for 500 to 600 sq." of outlet, but all the space it was possible to figure 
out which these botcby and poorly designed furnace bases had for air 
passage was perhaps from 275 to 325 sq". Practice such as these condi- 
tions denote needs no further comment. 

Another error that some furnace designers and furnace setters com- 
mit is that the air space allowed for the passage of the heated air between 
the casings or the brick walls of a setting, as the case may be, is in most in- 
stances altogether too large and out of proportion to the heating surface 
of the furnace. This space need not be any larger than the outlets 
are for any furnace providing that they are of the correct area proportionate 
to the heating capacity of the furnace. By having this space around a 
furnace too large and the number of outlets in most cases more than the 
furnace is able to properly take care of, the flow of air is not as rapid and 
the air is not heated to the degree demanded for the proper heating of the 
rooms above. 

The method I advise by which to obtain the proper amount of space 
for the purpose set forth in the foregoing in brick settings of furnaces is by 
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the placing of trench plates in and around the brick work at regular inter- 
vals, regulating the distance that they are to be away from the furnace ac- 
cording to the area desired for each case. In sheet-iron cased or mounted 
furnaces the only thing that the furnaceman can do to remedy a faulty or 
disproportionate design in the make-up of the castings of a furnace itself so 
that it will will tend to work as it should, is by placing plates directly over 
that part where the cold air enters the casing from the cold air duct, if the 
same is fastened to the casing so that the air enters through the casing at 
the back or at one of the sides above the base ring of tbe furnace. Cold air 
boxes, connections, chutes and ducts are made of different kinds of ma- 
terial. Ducts are generally used for the purpose, made of brick usually for 
underground conduits and in some cases also for the vertical shafts. The 
cold air chutes and boxes are mostly made of tongued and grooved or 
matched boards. These cold air boxes are generally used for those styles 
which are built entirely above ground, but in some cases where a cheap job 
was done I have seen two-inch thick planks used for the underground duct. 
Galvanized iron connections are used to connect the furnace with the end 
of a wooden chute or cold air box. These connecting parts made of gal- 
vanized iron are usually made from 18 "to 24" long, as it is not safe to con- 
nect a wooden box to tbe casing of a furnace any nearer than the distance 
given in the foregoing. A good plan is to provide the connection with an 
upward turn extending somewhat above the top of the horizontal top part 
of a connection; this entirely prevents the possibility of any heat rays from 
a furnace fire-pot setting fire to the wooden air box which may occur if 
the wood is exposed. 

When building the air supply boxes of wood nothing but well 
seasoned boards which are free from knots should be used. The best kind 
of boards for this purpose are flooring boards, dressed, tongued and 
grooved. Always use the planed side inside when building a cold air duct, so 
that the air has a smooth even surface to flow over and against daring its 
passage from the outside to the furnace. When building the air ducts of 
brick it should be seen to that there is no possibility of any foul water col- 
lecting in the duct or by any chance any sewer gas finding its way to tbe 
air duct. To prevent this the duct must be well cemented. The way to 
do this will be given in the details for the construction of these ducts. If 
there should be any danger, as there sometimes is in cases where there is 
no sewerage or a sufficient fall for drainage that water may slip in the 
cold air duct, a good plan is to dig a well on one side deeper or lower 
down than the air duct, in which the surface water can collect and be easily 
removed by pumping once in a while. Never tinder any circumstances at- 
tempt to drain a cold air duct or air pit into a sewer, as, even if this 
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method would drain the pit dry, there would always be the danger of sewer 
gas escaping into the furnace pit. Another point to be seen to is that if 
the cold air duct has a twisted coarse, or in other words, a number of’ bends 
and corners to turn, always be careful not to reduce or restrict the area to 
a less section than is required for the proper working of the duct so that 
it supplies a sufficient amount of air for the furnace. The simplest 
methods to supply a furnace with the requisite amount of air is to set it up 
on legs. By this method the air in a room or cellar is used as a supply 
and the furnaces must have a sufficient supply of air to heat well. If it 
is not desired that the furnace be set up on legs the next cheapest plan is . 
to take the air in through the sides of a casing as shown by Fig. 210 at A. 
In fitting up this style of inlet usually three cast-iron air panels are bolted 
to the casings. A cheaper way is to use galvanized wire nettiug to fasten 
over the cold air opening for this purpose. The foregoing method has the 
disadvantage that if it is used on a casing of a furnace set up in a cellar 
the fresh air must be drawn to the openings in the casing from some open 
window or other opening provided for the purpose. The air passing from 
this opening to the openings in the furnace casing would naturally tend to 
cool off the hot air pipes leading from the furnace. This point and also 
the practice of drawing the entire air supply from the cellar is one that does 
not recommend the method very much, but a good many instances are to 
be met where it is used. This method is also used to a great extent to sup- 
ply the bottom feed for the ci rculation of air thro ugh room heaters. Thi 



COLD AIR SUPPLY. 


233 


system of causing the air to circulate through the heater is particularly to 
be recommended where such heaters are used to heat up large stores, shops, 
etc., especially when a steady supply of cold air is flowing to the heater, 
caused by the opening of the front stove door* For school-rooms, halls or 
churches this style of air supply is net permissible but air should be 
brought to the furnace or heated from outside. How thi3 is usually &*♦ 
ranged is shown by Fig. 211. In this figure is shown how the cold fresh 
air can be taken in through the duct A open to the outside of the building* 
B shows a cut-off which can be opened or closed at pleasure. At 0 is also 
shown a register 1st into the floor and connected with the cold air duct 
underneath the floor. When this register is open and the shut-off B is 
closed the heater draws its supply of air from the same room in which the 
heater is looated- This arrangement has the advantage that if it is desir- 
able to keep the room heated without ventilation, as in the case of a school- 
room during the night, this can be done by this system at a greatly re* 



duccd cost from that system which demands that all the air heated must be 
drawn from outside when the ventilation registers and ducts are to be kept 
constantly in^ operation removing the contaminated air from the room. 


This is imperatively necessary when the school, church or hall is occu- 
pied by a number of adults or children, but is not absolutely required 
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when the space is not used as indicated in the foregoing. Fig. 212 shows 
& sectional view of the opening as made for the air to flow in through the 
duct to the heater. A shows a straight outlet covered by a shield A to prevent 
the rain, snow, etc., from driving into the opening. The mouth B is to be 
covered by a £" mesh galvanized wire screw. B shows another style of 
opening. The object of making it as this figure shows is to avoid having 
the wind blowing directly into the mouth of the duct. This method of 
placing the mouth is a more expensive way than shown for A but it serves 
the purpose well in so far as no direct drive of wind can occur through this 
tyle opening. This Fig. 212 does not show a register placed in the floor 
but instead a regulating register at C. The register box is shown to extend 
up through the safety bottom into this. The register is bolted and a rod 
fastened to the register- wheel as shown, which allows the easy regulating 
of the air supply to the heater at will. Fig. 213 shows a cold air box 
connection to the side of a casing. The first part of the box is to be made 
of galvanized iron to be equal in length to the height of furnace casing, the 
remainder is to be of wood and the cold air to be taken from the outside 
of building. With brick-set furnaces a connection of this kind is made to 
the air chamber through the bottom of the side of brick wall. For this 
kind of a setting it is only necessary to make the connection one joint high 
of galvanized iron to be perfectly safe and secure from any danger of the 
air box being set on fira by heat rayo from the furnace. 
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Pig. 106 in Chapter XVI shows a straight-out connection for a cold 
air box which may run along the floor of a basement or may be joined to 
an inclined chute connecting it to the outside of a building. This style of 
connection and the style shown by Fig. 213 are made up in quantities by 
some firms. The size being determined that the connection is to be for a 
given size furnace the pattern of a suitable air duct connection is made, 
and from this any number of connections are cut and made up ready for 
use when required. It is almost needless to point out that this system of 
making the cold air connections all alike as to area often causes the open - 
ing to be too small. This is due to the furnace man crowding more work 
on the furnace than it is able to do, and one of the consequences is that 
the cold air inlet is too small to supply the outlets, necessitating a fiercer 
and stronger fire to be kept up in the furnace in order to supply this de- 
ficiency by a stronger and faster flow of air through the duct 1 (which can 



only be caused by a hotter fire), and this in some cases overheats the ap- 
paratus. The best plan to follow for work of this kind is to make the 
duct just right; how this is done has been fully shown and explained be- 
fore. By Fig. 107 in a former article is shown still another style connec- 
tion. This style is what may be termed a half-and-half connection be- 
cause one-half of the connection is fastened to the furnace casing proper, 
while the lower half connects with an air-pit underneath the furnace. I 
have used connections for furnaces similar to this figure where it was not 
advisable to dig a pit too deep for the cold air, this in some cases being due 
to the surface water sapping through the brick- work into the furnace air- 
pit. There are certain districts where some such plan must be used if a 
reasonably cheap job is to be done, and at the same time to be tight and 
dry. Fig. 214 shows a cold air duct connection as described and shown by 
Fig. 218 on one side of a furnace, and on the other side is shown a cold 
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air duct conduit made of a large-sized tile, supplying air to a pit under the 
furnace. At a is shown a damper to shut off the air from this source. 
These two ducts as shown can be connected to the same furnace, one tak- 
ing the air supply from the hall, while the other has its source of supply 
from outside. The two pipes are not to be used at the same time. It is 
not at all likely that they will work satisfactorily if used together. They 
are not designed with this end in view, as the arrangement of Fig. 214 
shows. . 

By Fig. 215 is shown a cold air duct, taking the supply bf air from 
outside at a, shown in the drawing. To this duct is connected a cold-air 
return pipe from a hall or Trom a room above. It will be seen that a di- 
viding plate or tongue is inserted in the main duct so that if it is desired 
to use both the outside and the air from the room above to supply the fur- 



nace with cold air, this can be done. Oare must be taken to regulate the 
dampers of the two. supply pipes, so that the combined area of the flow 
allowed will be no greater than the demand for air the furnace requires, 
while both sources of supply are used together. D and P are the two 
dampers to be used whenever it is desired to shut off one or the other of 
the two supply pipes. 

Fig. 216 shows another style and arrangement of pipes differing from 
the style shown by 215 in its general shape. Instead of having the outside. 
Bupply pipe in one straight duct from the window to the furnace and the 
hall pipe connected to it, the order in this Fig. 216 is reversed by making 
the pipe leading from the rooms above the main pipe, and the supply pipe 
for the air from the outside, as the auxiliary or branch to the main pipe. 
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This style or combination is particularly adapted for furnaces used to heat 
halls, churches and lecture rooms, where it is desired to heat the rooms for 
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a considerable length of time before they are to be occupied by any gather- 
ing of persons, by using the air from the room itself. The straight chute 
as shown by Fig. 216 offers an easy, smooth course for the air to travel, 
and for that reason is the best arranged duct for the purpose. Ducts used 
for the purpose set forth must have a sectional area equal to the outlets 
from the furnace, this because when the air finally becomes warmed up 
; the circulation will not be as rapid as in the first start, when the fire in the 
furnace caused it to be heated and set the air moving through the duct 
and out through the furnace to the space above and eventually down 
through the duct again. These conditions are to be met by providing a 
large area for the supply pipe which is used to conduct this air to the fur 
nace. The outside air supply duct does not need to be made any longer 
than the normal demands require. When the time arrives, or shortly be- 
fore, the rooms above are to be occupied, the supply of air from the inside 
return pipe is to be entirely shut off and the air is only to be taken from 
outside. This supply of air in conjunction with the ventilating ducts of 
the rooms above for exhaust gives the required circulation of air demanded 
for the ample supply of fresh and warmed air, both^to heat the space as 
i well as for the respiration for the persona assembled therein. In this case 
the ducts ate shown to be built of wood. The valve or shut-off is hinged 
at the top and regulated by a cord or chain as shown at a. The duct is 
connected to the furnace by a galvanized sheet iron connection as described 
and shown by Fig. 213. 

The two styles shown by Figs. 1 215 and 216 could also be arranged so 
that they could connect with a pit under the furnace instead of being con • 
nected to the furnace casings above the base ring as shown. Fig. 217 

^ .Vi • VM. » O O J 

shows a plan and a side elevation of a cold air duct* made entirely of gal- 
vanized sheet iron. This drawing shows an example of the practical ap- 
plication of some of the parts of a cold air duct described before, and also 
how to arrange them when, as in a case as presented by this figure, a fur- 
nace is set in the basement of a house in a block, the room being used 
for a billiard room or a dining-room, as the case may be. The object is to 
get the air into the furnace with as little loss of space as possible. Fig. 
217 shows how a job of this kind was done successfully. The example as 
shown is only one instance of the many perplexing problems that the aver?' 
'age furnace-man is called on to provide for in the usual run of furnace 
■ work. A good exercise for the student would be to lay out this cold air 
fduct in the flat and plan out the best method by which the air could be 
jcheckel’from blowing down the duct; this to be accomplished either by a 
hinged valve or by a sliding shut-off. One of the handiest tools for turn- 
ing up edges on work of this class is given in Fig. 218. A full size 
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drawing is shown. This tool makes it unnecessary to take large sheets 
and either turn the required edges up by a machine or by the use of a 
hatchet, stake and mallett, which is often rather unhandy, but the edges 
can be bent up nicely with this tool. The figure gives an end view of the 
tool. The length flatways can be made either from four to eight inches 
long as desired. The tool is made out of two pieces of No. 18 gauge and 
one, the center piece, of No. 14 gauge iron. These riveted together as 
shown constitute the tool. I have found it very handy in this class of 
work. Having described some of the styles of ducts used entirely above 
ground I will next give a description of the manner of arranging the 
cold air pits for the various styles of settings of furnaces, portable and 
brick-£fet, and also the ducts connecting them with the air supply from the 
outside. 

Fig. ,219 shows a style of arrangement of the air pit for a portable fur- 
nace. The outride circular wall is built of brick up to the height desired 
its top course being either level or somewhat below or above the floor line 
of the room that the furnace is placed in. The central pi8r is 9 ‘ square 
and is built up to the level of the wall so that the bottom of the furnace 
rests on it; while the outside base ring is set on the circular walls. The cen- 
tra! pier is built up that the current of air entering the pit from the duct 
flows up to the pier and is divided by it into two equal parts so that each 
side of the furnace has an equal supply. As shown in the figure, the duct 
is built out a short distance from the pit, allowing at least two feet from a 
to b before the edge of the wooden connecting air box is joined to the brick 
duct. The bottom of the duct and pit can be either paved with brick, ce- 
mented only, or, as in some cases, the bottom has nothing done to it at all 
in the way of covering it up, the pit having what is commonly called an 



earth bottom. Fig. 220 shows how the pit, foundation and pier are ar- 
ranged for a brick-set furnace having the same style pier as described for 
Fig. 219. This figure shows the air duct connected with the setting from 
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one of the sides. By using this style of pier it does not matter so much 
from which direction the air is introduced into the air pit because the air 
lias a good chance to flow all around the center pier. But if a center sup- 
port, as in the style shown by A of Fig. 221 is used, the air supply will 


work best if it enters the pit or setting at the back, as B shows, although 
many furnace- setters take the air into the pit as shown by the duct 0, or 
from one of the sides. The preferable plan is to take the air in from th© 
back if it can be done. This is impossible to do in some cases, ilf th e 
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^conditions are such that it cannot be done, one of the sides may be used,’ 
but I would advise to use the style of pier shown in Fig. 221. 

Figs. 222 and 223 show a plan and elevation of a branch leading to the 
main duot. The conditions shown by these two figures are that one of the 
ducts conveys the return air from the rooms above to the main duct, which 
conveys the supply from the outside, but both these ducts are built of brick 
and are underground or below the level of the cellar or basement floor. 
rig, 222 shows by plan view bow the two ducts are built and unite into 
one channel to the furnace. Figs. 222 and 223 show how the shut-off 
drop doors are operated. In Fig. 223 the main duct is shown shut off 
while the auxiliary duct is open. Ducts of this kind are built where the 
down shoot of either the main duct or the return duot is some distance 



j 






away from the other and it is not desired that the connecting duct should 
be above ground; as, for instance, if the duct would have to be carried 
across the entire distance or length of a lecture room, etc., if the same 
were situated under the room from which the return pipe is taken. 

The method of closing and shutting off these ducts from each other as 
Bhown in Figs. 222 and 223 is as cheap and as simple a way as could be 
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devised, and, I may add, in addition to this it is a very good way for the 
purpose. Fig. 224 shows the entire side elevation of a cold air box, the 
duct underneath the level of the cellar floor, and an air pit for a portable 
furnace all complete. A is the box made of pine boards tongued and 
grooved, planed on both sides. This box extends from the mouth, at S, 
down to the top of the brick duct, B. A door is shown at F. At G is 
shown the damper or shut-off, worked by means of a crank with a rack. 



The mouth of the duct is provided with a galvanized iron screen of one- 
half inch mesh. As shown in Fig. 224 the bottom is a two-inch thick 
cement bed. E E are the upright walls at each extreme end of the brick- 
work shown. D is the central pier for the furnace to be set on. Above 
B is shown the brick covering of the duct. These bricks are supported by 
tee iron bars laid crosswise over the duct. A somewhat different style for 
the cold air box is shown by the dotted lines. This latter course would 
save some material, bat would require in the construction some nice fitting 
to make it air-tight. 

Then it has this-much to show in its favor that it does not take *up 
as much room as the style shown by the solid line drawing. In Fig. 225 
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given will do very well for tne purpose anywhere throughout the country 
where the winter weather is not too severe. I would not advise to put up a 
box of this kind using the cellar wall for one side of the box, or, in other 
words, building up the two ends and the front only, joining the two ends 
close up to the wall, thereby saving the building up of the fourth wall of 
the box, in parts of the country where the weather is very severe, say down 



to 40 ° below zero at times, and where the soil is of a clayey nature. If a 
box as described is put up in such a locality against a cellar wall it is very 
likely to heave, or, in other words, the wall is likely to be affected by the 
intense frost which the extra exposure caused by the cold air box would 
subject it to. A far better plan would be to build the air box as the dotted 
lines from E to H and I show. A box built that way would reduce the 
danger to the wall to a minimum, and is a far safer plan to follow if the 
circumstances are as indicated in the foregoing. Another style of duct is 
sometimes' built where it is not possible to run the duct out through a win- 
dow. This is indicated by the dotted lines showing a continuation of the 
underground air duct and through the cellar stone wall/ then* either run- 
ning straight upward, as the lines T U show, or else running in the^ lateral 
direction, as the lines X W indicate, leading, to, whatever place the mouth 
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or inlet is to be placed at for the cold air duct. Whenever a duct has 
its outlet on the outside of a building it is a good practice to run it up four 
or five feet above the level of the surrounding ground. Fig. 226 shows an 
air box and a device to filter the air entering through the mouth at S. The 
space shown by A is the settling chamber; B is the damper regulated by 
the roj>e as shown. At S is fastened the outside screens of galvanized wire 
of about mesh. This device for separating the fine particles of dust, 
etc., from the air may be described as follows: C, 0 and D, D of Fig. 226 
are two frames as long as tbe box is high from C to C and extending the 
entire width of the cold air box. Both of these frames have a galvanized 
wire netting stretched across their entire ends. The netting is to be of 
mesh; the two frames 0, 0 and D, D are to be fastened together after the 
space, as shown by X, X, has been filled with loose cotton batting or two 
or three layers of coarse cotton cloth, or, if preferred, layers of ladies* veil- 
ing. This arrangement is to be made so that the filtering material when 
it becomes clogged up and dirty can be taken out and from time to tim© 
cleaned or removed to make place for a fresh supply. The air from the 
outside is received at one side of the filter and after passing through it goes 
down the air box D to the air duct F, through this and up to the furnace, 
and thence to the rooms that are to be heated by it. The arrangements 
for filtering and purifying the air as described in the above are particularly 
of value where the supply of air is drawn from an opening facing some 
dusty thoroughfare, and ought to be made use of in all cases for churches 
and public buildings to provide the occupants with as pure a quality of air 
as it is possible to obtain with the aid of such a device. The other air im- 
purities in crowded rooms being the carbonic acid and emanations from the 
occupants cannot be prevented, but can be rendered harmless by the aid of a 
proper ventilation system of the apartments of the building so that the only 
function of the air supply box would be to supply the heater with air as 
free from foreign substances as possible. This can only be done satisfac- 
torily by filtering, cleaning or separating all such foreign matter by means 
of some such device as is shown by Fig. 226. Thus, altogether, the best 
possible conditions are offered for pure air to the occupants of the apart- 
ments supplied by the described air filters, ducts, etc. Some firms in erect- 
ing heating plants for large buildings follow the system of first conducting 
the cold air supply to one large storage or pressure equalizing room, and 
from this to the furnace, claiming that by doing so they secure a steady, 
even supply of air to the heating apartment irrespective of how violent or 
from which direction the wind blows. This system may be all right enough 
for large buildings, but the plan is not used to any great extent for ordi- 
nary building, being somewhat expensive, and in most cases the lack of 
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sufficient room would entirely prohibit the employment of such a system 
for the regulating and equalizing of the air supply and consequently is only 
used in isolated cases. 

The first step to be taken when an underground cold air duct is to be 
built is to lay out the plan and mark off the exact location of the lines tha^ 
are to be followed by the laborers when excavating and digging the trench 
wherein the cold air duct is to be built. Do the same for the cold air pit 
under the furnace. The size of the pit depends upon the base ring. The 
depth and width of the cold air duct trench depend upon what the area is 
required to supply the furnace with air according to the data and rules giv- 
en in the fore part of this chapter. To figure the cost, whatever the meas- 
urements may be, for any certain job of excavating for an air duct and air 
pit under a furnace, add up the amount into cubic feet or cubic yards. 
The following data shows the amount of work one man is able to do, 
and what is considered a day's work. When the ground is of a clayey 
character the average day’s work is from If to 2 cubic yards dug up and 
pitched five feet high or on one side. If the soil is gravel and of a sandy 
nature 3 to 4^ cubic yards is considered a good day's work, if all the con- 
dititions are favorable. If the digging has to be done in a restricted and 
(Tramped place a less amount of work can only be expected; circumstances 
as they exist at each job must be taken into account when the calculations 
are made as to the time it will take, etc. 

One cubic yard of earth or gravel after being dug up and turned over 
will occupy about one and one-half cubic yards of space. Clay and earth 
weigh about one ton for every 25 to 28 cubic feet; 21 cubic feet of sand 
weigh one ton and 23 cubic feet of gravel weigh one ton. 

After the trench and the pit are dug and ready for the brick- work the 
first point to determine in the calculations is what kind of a job is to be 
done for this particular duct. This is governed maioly by the nature of the 
ground where the duct and pit are to be built. If the ground is of a sandy 
and gravelly nature and the drainage is good a comparatively cheap struc- 
ture will answer the purpose. Such a one is shown in section by Fig. 227, 
being the style usually built in cellars where the floor is not cemented. 
This duct consists of two vertical walls built up against the sides of the 
trench and*also of the air pit of a furnace. A and B show the two upright 
walls. The floor or bottom is merely plastered over with a layer of mortar. 
The sides of the upright walls are to be treated in the same way. For 
covering, heavy cross pieces are placed at intervals of several feet of the 
entire length of the duct walls, and on these the board coverings are nailed 
as shown in the drawings. This duct is the cheapest kind that can be made 
to answer the purpose. 1 The plastering with mortar of the side walls and 
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bottom could be omitted, thereby saving that expense, but I do not regard 
this as good practice. 

Fig. 228 shows by section how a first-class job of this kind is built. 
If the ground around the duct and furnace pit is of a kind from which 
there is any danger of water filtering through the mortar joints of the 



brick work, the duct must be built after the following directions: First, 
bed a solid floor of brick, laid flat in cement, as shown by A of Fig. 228. 
Then lay tho courses of brick of the upright walls with cement for the 
joints, and also against a bed of cement between the bricks and the outside 
earth, as shown by 2, 2, of Fig. 228. For the support of the brick roof or 
top of the air duct cast-iron tee covering bars are to be placed the length of 
a brick apart from each other and the first course of top bricks is to be 
laid cemented together side to side. A second course of brick is to be laid 
on top of these and above them the inch cement floor is laid. The entire 
inside of the duct is to be plastered with a layer of cement one-half inch 
thick before the top is put on. It would be well to flush the bottom of 
this duct with cement and have it well grounded. No matter how wet the 
outside soil may be the interior of the duct and furnace air pit will always 
be clean and dry if the foregoing method is followed in the construction' 
of an air duct demanding absolute freedom from soil water. The following 
is the quantity of brick necessary to lay one square foot of bottom if the 
bricks are laid the flat way, as shown by Fig. 229. If the brick are 8" long 
and 4 ' wide it will take 4| for a square foot of floor. For the side walls, 
if the brick are laid with’ mortar or cement joints, the brick being IV 
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thick and 8" long, 4“ wide, for each square foot of superficial surface of ft- 4‘\ 
wall, it takes 6 bricks. For the same style wall but built of bricks each 2 * 
thick, 8" long and 4" wide it requires 7| bricks per square foot for 4" 
walls. Figs. 230 and 231 show how the surfaces are measured for both 
styles of bricks. Fig. 280 shows a square foot of wall built of 2^' thick 
bricks, while Fig. 231 Bhows one square foot of 4" wall built of brick eacti 
2“ thick with one mortar or cement joints. Both figures are drawn to 
the scale of 2 ' to the foot. The cost of covering bars used to support the 



top of the air duct are figured as so much per pound. This varies according 
to the market price for rough cast-iron and must be figured accordingly. 
The proportion of sand to be used for every two thousand brick is one cubic 
yard of clear sharp sand, and for a good quality of mortar three bushels of 
jfresh lime should be used. The proportions to mix a good hard-setting ce- 
ment, so that it will resist moisture and leakage best, is one barrel of the 
best Portland cement to two barrels of clear sand. To figure up the lumber 
it requires to build a cold air box, take the number of square feet needed 
for every superficial foot of surface contained in the box. Then if the wood 
work is made of matched boards, that is, tongued and grooved, an allow- 
ance must . be made of l£‘ f by 12'* for each square foot, or 18 
inches must be added to every square foot of surface the cold air 
duct has. The reason for this is that the tongue and groove take 
J” from *each H board, leaving a board 6" wide but 5£" wide for 
actual use. When ordering the boards the full 6" wide are charged al- 
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though only 5^' can be counted as actual surface for use, consequently it 
is best to order 3-24tbs, or, to be safe to cover the waste for cutting, etc., 
1 6th more boards than the actual surface of the cold air duct measures. 



The other incidental items, such as nails, hinges, pulleys, time, labor, wire 
screens, etc., are all to betaken into account when summing up the cost, 
or making out a list of the necessary materials to build a cold air duct 
for a furnace. Another point that I would advise the student to study is 
how to do his own brick and carpenter work that may be required for the 
setting of a furnace and the building of a cold air duct for the same. I 
have seen furnacemen who have become quite expert at these branches of 
the work and who, in time, owing to the very peculiar and superior man- 
ner in which furnace setting and brick and carpenter work connected 
therewith must be done, could give good bricklayers many “pointers” in 
this class of brick work. 
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R 

Radiating, Surf of Furnace Adding to 195 

Radiators, Heat 195 

Radius for Inverted Conical Top of Hood 91 

Reading Plans * 2 

Ready made Cold Air Inlets . 120 

Reasons for Change of Air 222 


— 
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Rectangular, Horizontal Outlet for Elbow 

“ Vertical 4 ‘ “ “ 

Register Boxes gg 

“ 44 Cutting Hole in Floor for 

“ Expensive Way of Putting in !..!!.!..!!.!!! 

“ Table of Size of to put Into Borders 

‘ 4 Box, Size of 

Stack Connecting Into Bottom of 

44 44 Wire Netting on 

44 44 with High inlet !!!!*.!!!!!!!!! 

“ Faces, Large 1 !!.!!!!!!!!!.. 

14 Large, Boxes for 

“ Openings 

“ ^ “ 1® Strips Riveted to Side of Same* *. *. ! ! 

Regulation of Air Supply . . * * * 

“ “Cold Air, Sh ut off of 

_ “ “ “ “ in Valve 

Regulator, Automatic 

“ Damper *’ ’ ’ * 

Regu lators, Draft gg* 

Electric Cost of Compared with Furnace** ’ 

“ Temperature 

Remedies for Smoky Chimney 

Remedy for Heavy Draft 

“ 44 Sluggish Draft ’’[**’*’*’ 

44 “too Strong Natural Draft 

Rests for Shields 

44 “ Trench Plates 

Return Air Supply 

Air ^P e » Positive Movement Through. .... 

Rings, Plaster 6 

Riveting Joints 

Rivets Holes, Gauge for Laying Out 

44 for Furnace Casing 

44 in 100 Feet Lineal Pipe ! ! ! . 

44 Special Stake for Holding 

Rod for Damper .!....... 

Room Heaters * ’ * " ’ ’ 

4 4 Casing for ’ * 

44 Construction V 

44 Without Linings ' 

Rooms in Upper Floors Heating from Smoke Pipe 
Round Pipe, Connections with 

^ 44 ^ Shaped Flues 

Rule for Developing Starter Pattern. !!!!!.!!!!!!..!! 

44 for Location Hood * 

Rules of Code Napoleon, About Chimney Buiidintr’. 

“ “ Casing Water Pan for 

Rusting, Pipes 


173 

173 

66 

61 

58 

57 
56 
65 
64 
61 

227 
62 
13 
19 

58 
234 
238 
238 

77 
73 

79 

78 
78 

214 

195 

214 

197 

125 

125 

228 
230 

63 

194 

118 

109 

208 

112 

68 

116 

121 

122 

121 

202 

65 

188 

51 

80 
190 
125 
125 
125 
213 


Sad-Iron for Seaming Hood 00 

Safety Thimbles ioq 

44 Space Between ]******[’’ 


193 
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INDEX. 


Sand ft1 

“ Weight of 1 ! ! 1 !!!!!!!"!!!! ! !! ! ! 246 

Schools, Thickness of Chimney Walls in * [ * * -j §9 

Scientific Cause of Draught .....**.** . *. *„* ! * * 210 

Screen, Gal vanized Iron 242 

“ “ Wire i . 228 

Seams, Material for Laying out Elbows ’ * * *’’’*’** 

Sectional Chimn ey Area 187 

Section of Mantel or Fire Grate 199. 

Sections of Furnace Casings ..." 1 11 

Self Cleaning Pipes 193 184 

Sewer Gas, Danger from 232 

Shape of Envelope for Oval Elbow ****’”’’’ j 59 

Shapes of Casings t ^ 7 

“ 44 Starters !!!! !!!!!!!*!*.’.! ! 47 

Sheathing, Asbestos 213 

Sheets Iron Furnaces !...! 231 

Sheets, Size of in Inches * *’ ’ o/jq 

Shields, Rests for * 125 

Shoe for Dining Room Stack I!......!!.!.!!!!.! !!!.!! 19 

Shoes or Boots 44 

Shops, Circulation of Air for ’ * 233 

Short Method of Getting Hood Patterns .... 92 

Side Elevation of Cold Air Box .....”*’***’****** 040 

Sides of Hoods 89 

Simple Damper Check 74 

Single or Double Stacks 31 

Single Oval Pipes, Table of 36 

“ Square or Rectangular Pipes, Table of. .... . Qq 

Size of Cold Air Duct ’ 99* 

44 “ Register Box *.!!!.!!!...!!.!!!.. 56 

44 “ Sheets in Inches 209 

Sizes and Areas of Oval Pipes— Double Pipes, Table of . 34 

Slabs, Laying Before Chimney ...!!.!!.!!!!! 190 

“ Level With Floor Before Chimney 190 

Sleeve Cylindrical for Water Pan !!..!!.!!!!.!!!.!.!.. 125 

Slip Joint, A Poor 41 

‘ ‘ Joints Used with Starters . . ! . . . . . . * . ’ * ’ ‘ ’ 51 

Sluggish Draft, Remedy for 214 

Small Hot Air Dampers, Fastening for * 71 

Smoke, Circuit of .**’[’****’[*][* ^95 

“ Cowl 217 

0 Gases, Volocity of * 190 

;; outlets 195 

P| P e ~ no 

Connections 107 

;; c? st of . . . . : v.v.v.v.v.v.v.-.v.v.v.v. v m, 20s 

“ Diameter of 209 

“ “ “ Long 910 

“ “ “ style of 95 

“ p. “ Weight of . . 206 , 208 

“ 44 Encased 200 

Heating Rooms on Upper Fioors from 202 

44 “ Outlet 

“ ‘‘ Projecting into Chimney 103 

44 Pipes, Keeping Warm « o nn 

44 “ Protection of ‘ 200 
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Smoke Pipes, Wiring and Rewiring. 

“ Stack in Ventilating Shaft 198 

0 . Way, The Most Direct. 205 

Smoking Chimneys 196 

Smoky Chimneys* Caring . .’**.’**** 188 

0 “ “ Remedies for 211 

Snug Fitting Casings. 214 

“ Fit Necessary for Dampers.. . ! ! 110 

Soldering Seams 67 

Soldering Trough. ........... i 42 

Solid Foundations for Furnaces 42 

“ Lining Tin 125 

Soot Accumulation of iii Flues 113 » 114 

in Furnace Tubes 212 

“ on Heating Surfaces.. . . * 212 

Space Between Safety Thimbles 212 

q “ . Occupied by Cubic Yard Gravel' 

Specially Shaped Hoods, Pattern for 246 

Special Stake for Holding Rivets 97 

Specifications, Architect " ” " ‘ ‘ ' U2 

Square Pipe Bending Brake & 

“ Damper in 3b 

,, ,, Stake for Putting it into Sections Jo 

„ J‘ Table of Sizes of S 

Square Feet in 100 Feet of Lineal Pipe „jg 

° r Rectangular Pipes-Outside Pipes', Tables' of ' " 

^?P e Angles and Elbows, Standard Size 

Stack Chimney, Above Roof Construction of . . }°l 

Stack Connecting into Bottom of Register Box . cl 

“ Chimney Tops of b5 

‘ ‘ Division Plate in Center of...... 2 i X 

™ ad , ln 5, t ? Two Registers, Connections with. . . . '. 

fo I F se in RH ttin S Square Pipe in Sections'. it 

Standard Square Pipe Angles and Elbows J? 

Starter, a Superior. HR 

Starter, Clearing Collar to 48 

‘ ‘ for Use in Small Space 

“ Fancy Design . 48 

“ Purpose of... 48, 49 

Stationary Chimney Cap 44 

Stoppers for Pipe Holes. . . * ' * * ’ 219 

Stoppers for Pipe Holes 220 

Straightout Collar 194 

Straight Chutes for Air 235 

Strength of Lugs for Casing Ring! ??? 

Stretcli Out for Tapering Pieces of Elbow.' .' .\\\\\\\’ I 1 ! 

Style of Chimney Cap 1 6o 

“ cow Air Box ; 218 

“ “ “ Boxes .7.7.7. 243 > 34 ? 

“ Fastening Collar * 244 

o t ^ Smoke Pipe Connections.......’.* -.2? 

f l or * nsi{ ?e Annular Ring for Casing Ring! ! ! 

Substitute for Special Lugs for Casing Ring. ... g 

Supporting Brick Roof of Duct.... * 8 I 1 ! 

Swaging Beads on Casings 7 4 Z 

“ Casing Beads Y/.ll * 12 0 

Swelling Furnace Casings. * 19 




266 


INDEX . 


T 

Table of Expansion of Air 223 

“ Inside Oval Pipes 35 

44 Inside Square Pipes 34 

44 Lengths for Round Pipes 83, 34 

44 “ “ Square Oval Pipes 36, 37 

4 ‘ Outside Oval Pipes 35 

44 Pipes 32, 41 

4< Pressure of Air 223 

“ Single Oval Pipes 36 

44 Single Square or Rectangular Pipes 39 

44 Sizes and Areas of Oval Pipes— Double Pipes 34 

44 Sizes Boxes Fitting into Floor Openings Around Borders 60 

“ Sizes of Register Boxes 57 

4 4 4 4 Square Pipe 37 

44 Square or Rectangular Pipes — Outside Pipes 38 

44 Yeut Pipes 38 

44 Volume of Air 223 

44 Weight of Air 223 

Tapering Elbow Development of 158 

Temperature Regulators 78 

The Ideal Furnace 109 ‘ 

The Inverted Conical Top of Furnace Entirely Filled with Sand 81 

The Most Direct Smoke Way 196 

Theoretical vs. Practical Conditions, 191 

Thickness of Brickwork Around Flues 190 

Thickness of Chimney Walls 189 

Three Piece Elbow, Octagon Angle Patterns for ... . 186 

Throat Piece in Flue over Chifnney 205 

Tight Fitting Casings 110 

Tile Conduit for Cold in Duct. 236 

Tin, Lining Corrugated 113 

44 4 4 Crimped 113 

4 4 44 for Woodwork 193 

To Build a Chimney 189 

To Find Amount of Piping 12 

To Hold Up Ends of Sections, Arrangement for 43 

Tool for Bending Square Pipe— Machine No. 1 25, 28 

4 4 44 Cutting, Trimming, and Making Holes for Collars 23 

4 4 4 4 Damper Eye Bending 69 

4 4 44 Turning Edges 238 

Tops of Chimney Stacks 211 

Tortuous Flues 213 

Total of Supply Stacks 14 

Trench-Plates, Lugs for 125 

Triangulation for Elbows 159 

Tricky Practice for Stack Work 46 

Trimmings, Damper 71 

44 for Damper Regulator 73 

Tubes, Soot in 212 

Turning Edges, Tool for 238 

Turns or Elbows 178 

Two Pipes, Damper for 76 

u 

Underground Cold Air Duct 246 
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Unsound Bricks 

Upper Floors, Heating Rooms’ on,' from Smoke Pipe 

Upstairs, Closing Damper from ^ 

|! se f 0 ? Straight Out Damper Check Impossible. 

Useful Tables _ 

Use of Furnaces Increasing \\ 

Uses of Cubic Measure 

Uses of Square Measure 


v 


Variations, Table of Regular Box Sizes. 

Vapor Pans 

V elocity of Draught 

“ Smoke Gases *’ 

Ventilating Inlet 

44 Outlets 

“ Pipes ’’** 

“ Shaft, Smoke Stack in 

Ventilation 

for an Entire Home 

“ Heating Without 

“ Register, Table of 

Vent Pipes, Location of 

Ventilator and Smoke Cowl 

44 Espy 

Verti-cal Collar on Hood ' 

Outlet, Rectangular for Elbow.. 
TT- Smoke Pipes, Clean-outs for. . . ’. 

Vise for Forming Damper Rod Strips 

Volume of Air, Table of 


w 


Wall Pipe Starters, Directions for Putting in 

“ 44 Starters ® 

Wall Pipes 

Warming, Cold Air 

Wasteful Ways of Casing Furnaces. .... 

Water Pan, Cylindrical Shaped ....*.’ 

“ “ “ Sleeve for 

“ 44 for Russia Iron Canning. 

“ “ Opening 

Water vs. Vapor Pans 

Water Pans, Construction of.. 

<< 


“ “ Russia Iron Cap for. . . 

Weight of Air, Table of !!!.’.’!! 

Black Iron, Per Running Foot 

“ Sheet Iron by Square Foot 

4 Clay 

Earth .......... . .... 

Furnace, Smoke Pipe Connections. . 

Gravel 

Sand 

44 on Damper 

44 on Pipe Work, Pipe Work Weights in. 

Where no Lining is Used 6 

Width for Trimming Edges of Pipe 


.. 221 
.. 204 
... 72 
.. 75 
8 , 9 

.. 1 
.. 9 

.. 9 


58 

.... 125 

210 

190 

202 

222 

.... 15 
.... 205 
. .. 6 
.... 15 

233 

205 , 206 
.... 39 
.... 217 
.... 217 
. . . . 97 
.... 173 
.... 193 
. . . . 76 
.... 223 


45 

.. 44 , 56 
.. 19 , 20 

225 

108 

125 

125 

125 

110 

108 

125 

. 124 , 125 

125 

.... 223 

208 

.... 207 
.... 246 
.... 246 
206 , 208 
.... 246 
.... 246 
.... 72 
.... 208 
.... 112 
.... 31 
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Wind, Cunrent of Striking Chimney. 

Wire Netting on Register Box 

Wiring Smoke Pipes 

Wooden Air Supply Boxes 

Woodwork Covered with Asbestos 

Grooved Allowance for 

“ Lining of 

“ Surrounding Ragister Box. 

Wrong Sized Casing Ring 


214 , 215 
.... 64 

.... 193 
.... 231 
.... 221 
.... 248 
.... 193 
.... 56 
.... 108 


BOOKS BY 


MAIL. 


Tinsmiths’ and Sheet Metal Workers’ 
Pocket Reference Book. 


A collection of practical information, including Mules, Tables , 
Receipts, Explanations, etc., used daily by the Tinsmith at his work . 
Presented in a compact form, convenient for carrying in the pocket. 
Price, postage prepaid, fine manilla paper covers, 35 cents ; cloth 
covers, 50 cents. By C. E. Bodley. 


A Handy Book for Tinners. 


FOR SALE BY 

D ANIEL R TERN. 

. . . PUBLISHER AND BOOK SELLER, 

69 Dearborn Street, 


CHICAGO. 



JffP WILL furnish books of inter- 
est to the trade at Catalogue 
Prices prepaid by mail, to any ad- 
dress on receipt of price • We keep 
in stock a number of Standard 
works an Heating and Ventilation , 
Plumbing and Draining and Sheet 
Metal Working . 

DANIEL STERN, 

Publisher and Book Seller, 

69 Dearborn Street, 
CHICAGO, ILL. 



- — 
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BOOKS BY 7VYHTL. 

VENTILATION AND HEATING . 

The Principles of their Association. By John S. Billing, M. D. 
L.L. D., Surgeon United States Arrtiy, profusely illustrated! 
Inis is an American work based upon the conditions of the 
American climate. The book is free from unnecessary tech- 
nicalities and is not burdened with scientific formulae 

Price $3.00 

hot water supply. 

A practical treatise upon the fitting of Hot Water apparatus for the 
supply of hot water to baths, for kitchen uses, for warmine 
conservatories, etc. By F. Dye. 6 

Price $ 1.00 

WARMING AND VENTILATION. 

A practical treatise on Warming Buildings by Hot Water, Steam 
and Hot Air ; on Ventilation, and the Various Methods of 
Distnbuting Artifical Heat, and their effects on Animal and 
Vegetable Physiology; to which are added an inquiry into the 
Laws of Radiant and Conducted Heat, the Chemical Consti- 
tution of Coal and the Combustion of Smoke. By Charles 
Hood. 

Price $ 6.00 

STEAM HEATING PROBLEMS . 

Being replies published, in the Sanitary Engineer to questions con- 
a11 details of Steam Heating and Steam Fitting. 


cermng 
Fully illustrated. 

Price 


$3.00 


WARMING AND VENTILATION. 

A rudimentary treatise on Being a Concise Exposition of the Gen- 
eral Principles of the Art of Warming Domestic and Public 
Buildings, Mines, Lighthouses, Ships, etc. By Charles Tom- 
linson, F. R. S. Illustrated. 

Price •• •• $ 1.00 

FOR SALE BY 


69 Dearborn Street , 


STEEIT, 

CHICAGO , ILL. 


Capitol H eaters. 


HOT WATER. STEAM. WARM AIR. 



CAPITOL WAEM AIRFURNACE 


BEST ON THE MARKET IN ALL RESPECTS* 


UNITED STATES HEATER COMPANY. 

113 Randolph St., DETROIT. 


NEW YORK. 


CHICAGO. 


BOSTON. 



MAGIC PATTERN RULE 

FOR STRIKING ELBOW PATTERNS OF ANY 
SIZE AND ANGLE OF ELBOW WANTED IN 
LESS THAN TWO MINUTES TIME WITH 
CHART GIVING DIAGRAM, RULES, 

AND DIRECTIONS FOR USING. 


T HE Magic Pattern Rule consists of a nickel-plated steel 
bar 4 feet long, Aths square, marked in circumference 
inches on the front and in inches and eights on the 
*' v '° shdes with set screws into which trammel 
h«nH ? a3 . te “ ed - For aying out elbow patterns, the left 

anrWhl ® the ead of the bar b y the set screw, 

and the light hand slide is set according to what diameter 

b ° w 1S . wanted. A flexible steel ribbon on the top of bar is 
then raised to the required height, according to angle of 
elbow wanted ; one glance at the chart giving such height 
necessaiy acccordmg to the elbow required, 
v r ri 6 chart is 19x23 inches in size, mounted on linen and 
very durable, and contains, besides the elbow diagram also 
rules for cutting all kinds of flaring, oval, cylindrical coue° 
thoMa V - eSSe % etC ', with the aid of the Magi/ Besidesall this 
ruL^ind/raniincl USed f ° r astral 8 bt edge rule, circumference 

11 , is P u ‘ iu a neat wooden box and is provided with 
three steel ribbons of different gauges, which may be used 
according to size of elbow wanted. Thistool is guaranteed in 
will save its cost and become fndLpensable 
using this to™ 6 ' We haV ® recommeildat ions from every one 

TINNERS STEEL CIRCUMFERENCE RULES. 

For obtaining the circumference of circles bv merelv 
measuring the diameter marked one side inches ^and six^ 
teenths and circumference inches, ” as shown in cut. Other 
side has table of measurments for making all sizes cans 
flaring and ^ tOP ’ liquid and dry measu re, straight and 


m 



SAGINAW, MICH. 


A PERFECT 

Heat Pipe Daaper. 


DOES AWAY 


WITH CLIPS. 


One Hole in Pipe. Light 
Weight. Durability. Can- 
not Change its Position, Ex- 
cept by Hand. Can be Ad- 
justed to Pipe in a Moment. 
Every Handle is Nickel 
Plated, AND IS COLD. 
Blade Made of Steel and Can- 
not break. 


Made in Following Sizes: 

8, 9 and 10 Inch. 

SEND FOR PRICES. 


A PERFECT 

Stove Pipe Damper. 

“TROY.” * “TROY.” 


BEST EVER MADE. 


. . . SEND FOR DISCOUNTS. . . 

inch per doz. $1 00 

“ “ 1 13 

“ “ 125 

“ “ 1 38 

“ “ 1 50 

“ “ 2 00 




TROY NICKEL WORKS, 

Sole Makers. TROY, N. Y. 


Your Jobber Keeps Them, 




schiits 

“NEW IDEA” 



THE. 


Most Practical and 
Economical Device 

FOR HEATING 


Dwellings, Chnrclies and Pablic Buildings Yet Invented. 


A GREAT 
FUEL SAVER 


HAS stood the test 
of severest weath- 
er and proven all 
its claims. 




Adapted for Hard and Soft Goal, 

Coke, Wood and Natural Gas. 

Warm Houses, Cool Cellars, Pure Air, Large 
Volumes, Cheap Fuel, Small Quantities. 

SEND FOR CATALOGUE. 

MANUFACTURED BY 

Schill Bros., 

CRESTLINE. OHIO. 

D®VIS JOHNSON CO., 

Western Agents, 

45 Jackson St., CHICAGO, ILL. 


■ 




11 


II, £ VARIETIES + FIFTEEN SIZES 

FOR 

Hard or Soft Coal. 

SERIES 210-300 * SERIES 618-630 * SERIES 718-730 


SERIES 618-630. 

SIZES 618, 621, 624, 627, 680. 

SPECIALTIES. 

Richmond Duplex Grate, 

Double Fire Pot, 

Ease of Management. 

HEAVY STEEL PLATE RADIATOR 

WITH 

L2tP WELDED BOILER TUBES. 
Large Radiating and Grate Surface. 

RICHMOND FURNACES. 

SERIES 718-730. 

SIZES 718, 721, 724, 727. 730. 

SPECIALTIES . 

FOR HARD OR SOFT COAL 

TOP RETURN FLUE 

WITH 

SPECIAL CLEAN-OUT PROVISIONS, 

Cleanliness in Use, 

Ease of Management, 

DUPLEX GRATE. DOUBLE FIRE-POT. 

MANUFACTURED BY 

RICHMOND STOVE COMPANY. 





NORWICH, CONN 



L. & H. ST01ZES 

•f ••• f* FOR -f * -fr 

Gas, Gasoline Kerosene 


THE MOST COMPLETE LINE. 


LATEST DESIGNS, BEST WORKMANSHIP, FINEST APPEARANCE. 


Our assortment includes Juniors, Indi- 
vidual Burners, Single Generators, Evaporat- 
ing Process, Gas Ranges, Hot Plates, Lamp 
Stoves and Oil Cooking Stoves, in their vari- 
ous sizes and kinds. 


WRITE FOR CATALOGUES AND SECURE AGENCY. 


A. J. LINDEMANN & HOVERSON CO., 


MILMHUKEE, JnZIS. 


To Satisfy Your Trade, 

To Brinff New Customers , , 


To Reap Good Profits , 

. . . YOU SHOULD SELI 


PARAGON FURNACES. 



Yes, Paragon Furnaces! 

A full line— anything you want— whether Portable, Brick-set, Wrought Steel 
or Cast Iron Radiators, Draw-Center or Triplex Grates 
Combination Hot Air and Hot Water also. 

THE GOODS ARE RIGHT. THE PRICE IS RIGHT. 

Our furnace book “HINTS ABOUT HEATING,” free to the trade. 


Isaac A. Sheppard & Co., Mf s r 5 s, 

PHILADELPHIA. PA., and BALTIMORE, MD. 



. T "TULLER-WflRRENCO. 

ARE THE GREATEST PRODUCERS OF 

Warm Air purnaces 
Hot Water Boilers 

Combination Warm flir and Hot Water Heaters 

LARGEST LINE TO SELECT FROM. 

THE LOWEST POSSIBLE PRICES GUARANTEED. 

^Write for Catalogues and Discounts. 

Requests for Estimates will have prompt attention. 

THE FULLER-WARREN CO. 

BRANCH HOUSESi 

CHICAGO, ILL. 

NEW YORK CITY, N. Y. 
BOSTON, MASS. 
CLEVELAND, OHIO. 
BUFFALO, N. Y. 


FOUNDRIES: 

MILWAUKEE, WIS. 
TROY. N. Y. 


Gas 

and Gasolene 
Stov es 

FOB 

HGHTINn 

AND 

COOKING 

ARE THE RRrt 

lOO Styles and Sizes 

SEND FOR 

ILLUSTRATED 

. . . CATALOGUE. 

SCHNEIDER S TRENKflMP CO. 

CLEVELAND, O. 




COOKING MSDE IS2SSY 

By Using the « NEW PROCESS” Evaporating Vapor Stove. 



wUh h rSltd t b™ 1 ‘ bl<5 SUb - flre - Brae9 bnmer drums— Removable 
Cleanable reservoir O^r’ atlp eCe feed, and 

lined ovens— the best baker made. PP ** " Uh patent “ Reflex ” planished, asbestos 

MANUFACTURED ONLY BY 

THE STANDARD LIGHTING COMPANY, 

CLEVELAND, OHIO. 



THE IMPROVED 

Eclipse Duplex Furnace. 

IT SELLS! 

. . . WHY? 


It embodies 

The latest improvements* 

Is superior in construction. 
Is perfect in operation, 

Has more radiating surface. 
Uses the least coal. 

Is the easiest to manage* 
Always satisfactory 

AND 

THE PRICE IS RIGHT. 

Send for Furnace Book 
and full description. 

WE MAKE A FULL LINE OF 

STOVE FURNACES, HEATERS, RANGES, 

OP0N GRHT0S, ©TO. 

Our Prices and Catalogue will Interest you • 

DROP US A CARD 

BUCKWALTER STOVE CO., 

CONTINENTAL STOVE WORKS, 

ROYERSFORD, PA. 




furnaces 

CAST AND WROUGHT. 
PORTABLE ANO BRICK SET. 

•OR PRIVATE HOUSES, PUBLIC BUILDINGS 
AND FLAT8. 

STATIONARY AND A 
mJ? OETABLE RANGES Jj 

IjjBV in great variety. M 

n I HEATING STOVES f| 

USHK 0F EVERY DESCRIPTION. llH 

■■Nfire PLACE I : 

HEATERS, I | 

LAUNDRY I 

t ar I stoves, in 


FOR ALL SECTIONS 


— 

, The Union Stove Works, , 

1 70 Beekaan, 66 & 68 Gold Sts., N.Y. 


LARGEST LINE OF 


Portable Ranges, Cylinder Stoves, 
Parlor Stoves, Laundry Stoves 
and Furnaces in the World. . ; 


UNION STOVE WORKS, 


70 Beekman and 66 and 68 Cold Streets, NEW YORK.. 



MOST 

ARTISTIC. 

Nipple Joints. 
Perfect Castings. 
Richest Designs. 

MOST 

EFFICIENT. 

Unimpeded 

Circulation 
for Steam as well 
as for Water. . . 


Steam. 

Water. 

Direct. 

Indirect. 

Direct-Indirect 


All Our 

Radiators 

are 

Connected 
Tod and 
Bottom. 


18 Inches High. 

22 Inches High. 

26 Inches High. 

32 Inches High. 

38 Inches High. 

44 Inches High. 


[lie J^faodard Radiator (o. 

Works and General Offices: BUFFALO, N. Y» 


100 Milk Street, 

BOSTON. 


167 and 169 Lake Street, 

CHICAGO. 


42 Dey Street, 

NEW YORK. 


— 



Tinners’ 

Patterns 


"’'AMERICAN ARTISAN 

TULL SIZE PATTERNS 

Printed on Manilla Paper from which they 
are readily transferred to Heavy Sheets 
and cut out ready for use. 

SEND POSTAGE PAID, FULL SET, $1,00. 

DANIEL STERN, 

69 Dearborn Street, 
CHICAGO, 


,> 
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PENINSULAR 


Wrought 

Steel 

Ranges 

In 

Any 

Combination 

Desired 

For 

All Fuels. 


Cast 
Ranges, 
Coal & Wood 
Cooks, 
Base 
Burners, 
Coal and 
Wood 
Heaters. 



ME PATENT 
DUPLEX 
GRATE AND 
ANNULAR 
SHAKING 
RING. 


USED 

EXCLUSIYLY 

IN 

PENINSULAR 
FURNACES 
MD HEATERS. 


WRITE FOR CATALOGUE ANI> PRICES. 

THE PENINSULAR STOVE COMPANY, 

DETROIT. 0 CHICAGO. 4« BUFFALO. 


) 







